
STRASBUEOEE’S 
TEXT-BOOK OF BOTANY 



STEASBUEGEE’S 

TEXT-BOOK OF BOTANY 


EE-WPJTTEN BY 


De. HAFS fitting De. LUDWIG JOST 


PRGFESSOR IN THE UNIV.KRSITY 
OP BONN 


PROFESSOR IN TEE UNIYERSITY 
OF HEIDELBERG 


Dr. HEINEIOH SOHENCE; Dr. GEOEGE KARSTEN 


PROFESSOR IN THE TECHNICAL 
ACADEMY OF DARMSTADT 


PROFESSOPv IN THE ENIV'ERSIXy 

OF halle/saale 


FIFTH El^GLISH EDITION 

REVISED WITH THE FOURTEENTH GERMAN EDITION BY 

A W. H.. LANG; M.B., D.Sc, EE.S. 

BAEIiEB PROFESSOR OF CBYPTOGAMIC BOTANY IN THE UNIVERSITY 
OF MANCHESTER 


WITH 833 ILLUSTRATIONS, IN PART COLOURED 


MACMILLAN AND CO., LIMITED 
ST. MAETIH’S STEEET, LONDON 
19 21 



I 













COPYRIGHT 

First English Edition, 1898 
Second English Edition, 1903 
Third English Edition, 1908 
Fourth English Edition, 1912 
Fifth English Edition, 1921 



PRIFATOEY NOTE 


The original authors of this text-book as it appeared in 1894 
were Professors Eduard Strasburger, Fritz Noll, Heinrich Schenck, 
and A. F. W. Schimper. The death of Professor Strasbiirger' 
since the last English edition was published renders it inaccurate 
to give his name as an author of the work. His position as the 
original founder of the text-book requires to be recorded and is 
therefore indicated by the name Strasburger’s Text-Book, which 
has been in current use in this country. In the present edition 
the division on Morphology is by Professor Fitting, that on 
Physiology by Professor dost, that on Tliallophyta, Bryophyta, 
and Pteridophyta by Professor Schenck, and that on Spermato- 
phyta by Professor Karsten.- Their names are therefqre given as 
the authors on the title-page. 

The first edition of the English translation was the work of 
Dr. PL 0. Porter, Assistant Instructor of Botany, University of 
Pennsylvania. The proofs of this edition were revised by Pro- 
fessor Seward, M.A., F.E.S. The second English edition was 
based upon Dr. Porter’s translation, which was revised with the 
fifth German edition. The third English edition was revised 
with the eighth German edition, and the fourth English edition 
with the tenth German edition. The present edition has been 
similarly revised throughout with the fourteenth German edition. 
Such extensive changes, including the substitution of completely 
new sections on Morphology, Physiology, and Sperrnatophyta. 
have, however, been made in the work since it was first translated 
that it seems advisable to give in outline the history of the 
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English translation instead of retaining Dr, Porter’s name on the 
title-page. 

The official plants mentioned under the Natural Orders are 
those of the British Pharmacopoeia instead of those official in 
Germany, Switzerland, and Austria, which are given in the 
original. 

WILLIAM H. LANG. 


Ma^tchester, 1921 . 
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INTEODUGTION 

Organisms are customarily distinguished as animals and plants and 
a corresponding division of Biology, which treats of living beings 
generally, is made into the sciences of Zoology and Botany. 

The green, attached, flowering, and fruiting organisms are dis- 
tinguished as plants in contrast to animals, which are usually capable 
of free movements and seek, capture, and devour their food. Easy as 
it appears on a superficial acquaintance to draw the boundary between 
the vegetable and animal kingdoms, it is really very difficult. In the 
case of those very simply constructed organisms with little external or 
internal diflerentiation, which are usually regarded as lowest in the 
scale, all distinguishing characteristies may fail us. The following 
important properties are in fact common to both animals and plants : 

1. Plants and animals both consist of one or many microscopically 
small cells, which increase in number by a process of division. They 
have thus a fundamentally similar, internal structure. 

2. Plants and animals are living beings and AGREE in their MOST 
important vital processes. The processes of nutrition and of 
reproduction, of growth and of development, are, broadly considered, 
essentially similar in animals and plants. A plant also respires' with 
the production of heat, and exhibits powers of movement and 
irritability of various kinds. 

3. This profound agreement in the manifestations of life in plants 
and animals becomes less surprising when it is realised that the 
LIFE OF both is ASSOCIATED WITH A VERY SIMILAR UNDERLYING 
SUBSTANCE, THE PROTOPLASM OF THE CELLS. 

These and many other facts indicate that plants are really related 
among themselves and to the animals. This assumption of a GENETIC 
RELATIONSHIP finds its expression in the theory of descent which 
may be regarded as the fundamental biological theory. The idea of 
a gradual evolution of higher organisms from lower ivas familiar to ’ 
the Greek philosophers, but a scientific basis was first given to this 
hypothesis in the last century, It was .especially through the work of 
Charles Darwin (^), who accumulated evidence for a reconsideration 
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of tlie wliole problem of organic evolntioiij that the belief in the 
immutabilitj of species was finally destroyed. From the study of the 
fossil remains and impressions of animals and plants it has been 
established that in earlier geological periods forms of life differing from 
those of the present age existed on the earth. It is also geiierally 
assumed that all living animals and plants liava been derived by 
gradual modification from previously existing forms. This leads to 
the further conclusion that those organisms possessing closely similar 
structure, which are united as species in a genus, are in reality related 
to one another. It is also probable that the union of coiT(\spondi ng 
genera into one family and of families into higher groups in a 
natural’' system serves to give expression to a real relationship 
existing between them. The evolutionary developments, i.e. the 
transformations which an organism has undergone in its past generations, 
were termed its phylogeny by Ernst IiAECKEL(2). The develop- 
ment or series of changes passed through by the individual in attaining 
the adult condition he distinguished as the ONTOGENY. It is assumed 
on the theory of descent that the more highly organised plants and 
animals had their phylogenetic origin in forms which perhaps 
resembled the simplest still existing. The phylogenetic development 
proceeded from these, on the one hand in the direction of the higher 
animals, and on' the other in the direction of well-defined plants. On 
this assumption, which is supported by the properties which animals 
and plants have in common and by the impossibility of drawing a sharp 
line between animal and plant in the lowest groups, all living beings 
form one NATURAL kingdom. 

The following may be mentioned as distinctly marked character- 
istics of plants. The external development of the important surface of 
the body, which serves to absorb the food in plants, contrasts with the 
internal body surface to which the mouth gives entrance in the 
animal. The investing walls of vegetable cells are already represented 
in certain series of lower organisms which afford the probable starting- 
point for the phylogenetic development of plants. Lastly, the green 
chromatophores; of plant-cells are characteristic. By means of the 
green colouring matter, plants have the power of producing their own 
nutritive substances from certain constituents of the air and water, 
and from ■ the salts contained in the soil, and are thus able to exist 
independently ; while animals are dependent, directly or indirectly, 
for their nourishment, and so for their very existence, on plants. 
Almost all the other differences which distinguish plants from animals 
may be traced to the manner in which they obtain their food. 
Another characteristic of plants is the unlimited duration of their 
ontogenetic development, which is continuous at the growing points 
.during their whole life. That none of these criteria are alone, 
sufficient for distinguishing plants from animals is evident from the 
fact that all the Fungi are devoid of green pigment, and, like animals, 
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are dependent on substances produced hy green plants for tlieir 
nourishment* On the borderland of the two kingdoms, where all 
other distinctions are wanting, phylogenetic resemblances, according 
as they may indicate a probable relationship with plants or animals, 
serve as a guide in determining the position of an organism. 

While it is thus impossible to give any strict definition of a 
“ plant ” which will sharply separate plants from animals, a distinction 
between organisms and non-living bodies is more easy. We know no 
living being in which protoplasm is wanting, while active protoplasm 
is not to be demonstrated in any lifeless body. Since in the sphere 
of organic chemistry sugars have been synthesised by Emil Fischer 
and the way towards the synthesis of proteicls opened up, there is 
increased justification for the assumption that the protoplasm forming 
the starting-point of organic development had an iiiorganic origin. 
In ancient times such a ‘‘spontaneous generation^’ was regarded as a 
possibility even for highly organised animals and plants. It was a 
widely-spread opinion, shared in by Aristotle himself, that such 
living beings could originate from mud and sand. It is now known 
from repeated experiments that even the most minute and simplest 
organisms with which we are acquainted do not arise in this way but 
only proceed from their like. Living substance may, however, have 
arisen from non-living at some stage in the development of the 
earth or of another planet when the special conditions required for its 
formation occurred. In order that the organic world should have 
proceeded from this first living substance, the latter must from the 
beginning have been able to maintain itself, to grow, and to trans- 
form matter taken up from without into its own substance. It must 
also have been capable of reproduction, i.e, of multiplying by 
separation into a number of parts, and further of acquiring new and 
inheritable properties. In short, this original living substance must 
have already possessed all the characteristics of life. 


Botany may be divided into a number of parts. Morphology is 
concerned with the recognition and understanding of the external 
form and internal structure of plants and of their ontogenetic 
development. Physiology investigates the vital phenomena of plants. 
Both morphology and physiology take into consideration the relation 
of plants to the environment and the external conditions, and endeavour 
to ascertain whether and how far the structure and the special 
physiology of each plant can be regarded as adaptations to the 
peculiarities of its environment. These parts of morphology and 
physiology are often separated from the rest under the name Ecology. 
Systematic Botany deals with the description of the kinds of plants 
and with the classification of the vegetable kingdom. The geography 
OF plants has as its objects to determine the distribution of plants 
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on the surface of the earth and to elucidate the causes of this. 
Extinct plants and the succession of plants in time form the subject 
matter of palaeophytology, which is thus the historical study of the 
changes which have taken place in the vegetation of the earth. All 
these are subdivisions of pure or theoketical botany. 

Botany does not, however, pursue theoretical aims only j it is also 
concerned with rendering the knowledge so obtained useful to 
mankind. For instance, accurate information is obtained regarding 
plants of economic value and how to better employ these, and 
adulterations of substances of vegetable origin are detected. There 
have thus to be added to the divisions of pure botany the numerous 
branches of applied botany, the study of medicinal plants and 
drugs, of vegetable food-substances, of technically valuable plants and 
their products, agricultural botany, and that part of plant pathology 
which is concerned with the prevention and treatment of diseases of 
plants. 

In this work, which is primarily concerned with pure botany, a 
division is made into a general and a special part. The object of 
GENERAL BOTANY is, by well-devised experiments and by comparison, 
to ascertain the most distinctive properties of plants in general or of 
the main groups. General botany is further divided into the two 
sections treating of morphology and physiology. 

The object of SPECIAL botany is to describe the structural 
features, the methods of reproduction, and the modes of life of the 
various groups of plants. It attempts also to express the more or less 
close reiatioiiships which exist between plants by arranging them in 
as natural ” a system as possible. In this special part a few main 
facts as to some branches of applied botany, especially regarding 
pharmaceutical plants, are inserted. The results of palaeophytological 
study are placed in relation to the description of the particular groups 
of existing plants. Lastly, the geography of plants is touched on, 
though no connected account of it is attempted. 
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DIVISION I 

MORPHOLOGY 

Morphology is the study of the external form and the internal 
structure of plants and the ontogenetic development of the plant body 
as a Avhole and of its members. In seeking to establish the signifi- 
cance and the phylogenetic origin of the parts of plants and the causes 
of the formative processes, it aims at a scientific understanding of the 
forms of plants. 

1. The outer and inner construction of a living being can only be 
understood when it is clearly realised that the animal or plant is a 
living ORGANISM, ie. a structure the main parts of which are not 
meaningless appendages or members, but necessary organs by the 
harmonious co-operation of which the life of the whole is carried on. 
Almost all the external parts of plants, and of animals also, are such 
organs performing definite functions. They can, however, only play 
their parts in the service of the whole organism when they are 
appropriately constructed, or, in other words, when their structure 
corresponds with or is adapted to their functions. Since the 
various parts of the higher plants have diverse functions, it is easy to 
see why the plant is composed of members very unlike in form and 
structure.' 

in order to fully understand the construction of an organism it is 
further necessary to know the conditions under which it lives and to 
be acquainted with its environment. Every plant, or animal, has 
structural peculiarities which enable it to live only under certain 
conditions of life which are not provided everywhere on the earths 
surface. The conditions of life, for example, are very different in 
water from those in a desert, and water plants and desert plants are 
very differently constructed. They can only succeed under their 
usual conditions or such as are similar, and the desert plants would 
not grow in water or the water plants under desert conditions. The 
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life of an, organism is thus only possible wlieii its ' coiistructioii is in 
agreement with its environment, and it is ADAPTED TO THEi GONDITIOKS 
OF LIFE. , 

More penetrating morphological investigation soon shows that, 
while almost every member of the plant bocly has its fimctioiis, 
every peculiarity in construction cannot be regarded as adapted 
to these functions or to the environment. This can only be said 
of some of the characters of any part of the plant; for example, the 
abundance of the green pigment and the expanded form of foliage 
leaves stand in relation to the main functions of the leaf. Such 
characters are spoken of as useful to the organ ism. Many other 
characters are indifferent, such as, for example, the nature of the 
margin of leaves, described as entire, serrate, crenate, etc. Others 
may even be unfavourable so long as they are compatible with life, 
e,g. the absence of the green pigment from large portions of the leaf 
in many cultivated forms of Sycamore. Many adaptations appear to 
he less^ perfect than they could be. A character may be useful in one 
species while it is indifferent or even harmful in another. Such facts 
show clearly what care is requisite in judging of the significance of 
organic forms and structures ; it is no easy matter to prove such 
assumptions by investigation 0. 

2 There is a second direction in which morphology endeavours 
to attain a scientific understanding of the forms of plants. All 
existing plants are regarded as genetically related, the most highly 
organised with their diverse organs having gradually arisen phylo- 
genetically from simple, unsegmented, unicellular forms. The 
organism and its parts have thus undergone manifold transformations in 
which, for example, particular organs by change of their structure 
took over new functions or became adapted to new conditions of life. 
It is thus a very important object of morphology to derive phylogenetic- 
ally one form from another. Since the genetic development cannot 
be directly traced but has to be inferred, morphology is dependent on 
indirect methods in this problem. The most important indications 
are obtained by the study of the ontogeny of organisms and by the 
comparison of existing plants with one another and with those that 
lived in preceding ages. Within certain limits the ontogeny often 
repeats the phylogeny and thus contributes to the discovery of the 
latter. Comparative study connects divergent forms by meaits of 
intermediates. Since, however, the ontogeny never repeats the 
phylogeny completely or without alterations, and the' connecting forms 
are often wanting, the results of morphology in this direction are 
correspondingly imperfect. 

When the conviction has been reached after full investigation 
that diversely formed members of the plant body had a common 
phylogenetic origin, the hypothetical form from which \ve derive 
them is termed the FBIMITIVE form, and the changes undergone by it 


Div. I MORPHOLOGY 9 


ill the course of des.ceiit its ' metabioephoses. One of the most 
iinijortaiit results of morphology: is the ■demonstration that raii: 
VARIOUSLY FORMED PARTS OF EVEN '.THE MOST HIGHLY BIFFERENTIilTEI) 
PLANTS ARE TO 'be TRACED. BACK TO' A FEW PKIIMITIVE FORMS. TllOSO 
organs tyliich have developed phylogeneticaliy from a common primitive 
form are spoken of as HoaiOLOGOUS, however difihreiit they may appear. 
The same miGrphological value. 'is ascribed to' them.. For example, 
Foliage leaves and the leaves of the flower (sepals, petals, stamens, and 
carpels) are homologous, and this extends to the leaf- tendrils (Fig. 209) 
and the leaf -thorns (Fig. 197). Organs of completely different 
structure and functions can thus be homologous. On the other iuiiid, 
organs with similar construction and functions (^.y. tubers (Figs. 203, 
205, 206), thorns (Figs. 197-199), tendrils (Figs. 208-210)) have 
often been genetically derived from different primitive forms. Such 
organs are spoken of as ANALOGOUS (for examples cf. p. 165 fll). 

Little differentiated structures wdth ill-defined functions, which we 
have reason to believe will in the future become transformed into 
more complete organs with well-marked functions, are termed rudi- 
mentary organs. Incomplete structures w^hicb have retrograded 
from more perfect ones are reduced organs. 

3, Lastly, it is an aim of morphology to ascertain the causes or 
conditions w^hich underlie the processes of external and internal 
diflerentiation of the plant and its parts, and of their inherited 
(phylogenetic) transformations. In this "way it may be possible to 
ascertain clearly how in the course of descent adaptive characters 
have arisen. The study which coneerns itself with such questions is 
EXPERIMENTAL MORPHOLOGY. Most of the problems of this are more 
conveniently dealt wuth as a section of physiology in relation to the 
other vital processes of the plant (developmental physiology or 
mechanics of development). 

Morphology may be divided into external morphology and internal 
morphology or anatomy. . Such a division Bvould not, hoBvever, be 
suitable here, wFen it is desirable to regard the parts of the plant 
as organs wdth definite functions. For this it is necessary to show’^ 
the intimate connection that frequently exists between the function 
of an organ and both its form and internal structure. From the 
outset -we must be concerned with the plant as a living organism and 
not as a dead structure. The first question to he faced is with what 
life is most intimately connected, and this proves to be with a part 
only of the whole substance of the plant, namely, with the protoplasm. 
The protoplasm is, as a rule, enclosed in the cells which can be regarded 
as the elementary parts of the organism. The part of morphology 
which is concerned with the structure of cells is termed cytology 
and will be dealt wdth first. The tissues formed by associated cells 
wall then form the subject of a second part of morphology to which 
the name histology is given. Lastly, organography deals with 
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tli6 external inembers of the plant as its organs, taking into considera- 
tion both their external form and internal structure. 


SECTION' I 


CYTOLOGY 


THE CELLS AS THE BASIS OF LIFE 

1. FORM AND SIZE OF CELLS 

As already mentioned, both plants and animals are constructed of 
elementary parts known as cells. In the case of plants these are 
microscopically small chambers, the walls of which are formed of a 
firm membrane. In this respect they difier from animal cells. In 
the simplest cases the cells are spherical, but more commonly they 
have the form of small cubes, polyhedra, or prisms, which are 
associated in large numbers in the multicellular organs of plants. 
Elongated ceils forming fibres or tubes are also of frequent occurrence. 

These chambers, each of which consists of the 
cell wall or cell membrane enclosing the cavity 
or lumen of the cell, are as a rule so small as to 
be visible only when highly magnified. Their 
mean diameter is frequentl}^ between the hun- 
dredth and tenth of a millimetre. Owing to 
this it was long before the existence of cells 
was recognised. Occasionally cells attain a much 
greater size. Some sclerenchyma fibres adapted 
to special functions are 20 cm., while laticiferous 

Hoor“r Utastattof Ot tubes may be some metres in length, 
bottk-cork, wiiicii lie de- The most important part of the cell is the 
scribed as “Schematism protoplast Or Cell body Occupying the cavity en- 
55 ^ closed by the cell wall, since this is the living 

portion of the cell On this account it is now 
natural to think rather of the living protoplast than of its enclosing 
chamber as the cell ; a cell wall is completely wanting in the case of 
many naked cells.’' In dead cells, it is true, the protoplasts have 
almost or completely disappeared, and such cells are only empty ceil 
cavities. With the death of their protoplasts these cells need not 
lose their use to the plant. They are indeed essential in the construc- 
tion of the more, highly organised plants in which dead cells form the 
water-conducting tracts and contribute to mechanical rigidity. 

It was due to the investigatiou 6f ; the cell walls that cells were recognised first 
in plants. An English micrographer, Robbet Hooke, was the first to notice 
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vegritable cells. He gave tlieni .this name in his 3Rcrogt'aplda in the vt'ar 1667, 
I)ecanse of tliuir resemblance to the ceils of a houeycomb, and published an illus- 
tration of a piece of bottle-cork hayiiig the appearance shown in the adjoining 
iigurc (Fig. 1). The Italian, lVL\ucEnLO and the Englishman, Neiik- 

IMIAH GiiEW, \vhose Vv'orks appeared almost simultaneously in 1671, a few years 
aftcuHiooivi'7s were the true founders of vegetable histology. Tlie 

living' contents of the cell, the protoplast, was not recognised in its full significance 
until the middle of last centiuy. Only then was attention turned more earnestly 
to the study of cytology, -whieh, based on the works of ScHLEinKN, Hugo v. Mohl, 
Hageli, Feudinani) Cohn, and Max Schultze, was especially advanced by 
Sthasblthger. 

n. THE LIVING CELL CONTENTS. THE PROTOPLAST (^) 

A. The Constituent Parts of the Cell 

If a thin longitudinal section of the growing point of the stem of 
one of the higher plants is examined under the high power of the 
microscope it is seen to consist of nearly rectangular ceils (Fig. 2), 
which are full of protoplasm and separated from one another by 
delicate walls. If sections in various directions through the apex 
are compared, the conclusion is reached that 
the cells have the shape of small cubes or 
prisms.'' 

In each of the cells a spherical or oval 
body, which fills a large part of the cell 
cavity, is distinguishable. This body {k) 
is the NUCLEUS of the cell. The finely 
granular substance (pZ) filling in the space 
between the nucleus {k) and the cell wall 
(???.) is the cell plasm, or cytoplasm. In the 
cytoplasm there are to be found around the 
nucleus a number of colourless and highly 
refractive bodies : these are the PLASTIES or 
CHROMATOPHORES (cA). THE NUCLEUS, 

CYTOPLASIM, AND CHROMATOPHORES ARE 
THE LIVING CONSTITUENTS OF THE CELL. 

They form together the protoplasm of the living cell body or proto- 
plast. The nucleus and the chromatophores, which are always 
embedded in trhe cytoplasm, may be regarded as organs of the 
protoplast since they perform special functions. It is true that the 
particular functions of the nucleus are unknown, but it is certain that 
the interaction of nucleus and cytoplasm is necessary to maintain the 
life of the cell. In the lowest plants (Cyanophyceae and Bacteria) 
such a division of labour in the protoplasm is not certainly proved, the 
existence of the nucleus being still a matter of dispute (^). Chroma to- 
phores are wanting in the Bacteria, and Fungi as in all animal cells. 



Fig, 2. Embryonic cell from the 
root-tip of the Oat. Nncleiis ; 
lew, nuclear membrane ; n, nucle- 
olus ; p?, eytoplaam ; c?i, eliroma- 
tophores ; m, cell wall, (Some- 
wliat diagrammatic, x about 
1500. After Lewitzkv.) 
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In many animal cells an additional constitiierit of the ]iroto|»]ast iias boon 
(ieinonstrated as a small body -which is called a cENTiiiom-:, in the immediate 
neighbourhood of the nucleus. Siiniiar bodies are 
found in the vegetable Iviiigdom in the cells of some 
Cryptogams, but are not of geiunul ocu;iirrence even 
in them (Fig. 2U). 

■ It is only the embryonic cells of the plaiit,:, ■ 
as they are met with in; the apices of stf3ni' a!id: : 
root, which are thus completely filled A\uth 
protoplasm. This does not hold for the fully 
deA^eloped cells of the plant wdiich arise from 
these by growth in sisse and alterations of 
shape. During this transformation to cells 
of the permanent tissues the embryonic cells 
of plants, unlike those of animals, become 
poorer in protoplasm, since this does not in- 
crease in proportion to the growth of the ceil 
In every longitudinal section of the growing 
point of the stem it can he seen that at some 
distance from the tip the enlarged cells have 
already begun to show cavities or VACUOLES 
{v in yl, Fig. 3) in their cytoplasm. These 
are filled with a watery fluid, the CELL SAP. 
The cells continue to increase in sizCj and 
usually soon attain a condition in ^ 
whole central portion is filled by a single 
large sap cavity {v in B, Fig. 3). The cytoplasm 
then forms only a thin layer lining the cell 
wall, while the nucleus occupies a parietal posi- 
tion in the peripheral cytoplasmic layer (Fig. 

3 B, h). At other tiAies, however, sap 
cavity of a fully -developed cell may^b 
traversed by bands and threads of cytoplasm ; 
and in that case the nucleus is suspended 
in the centre of the cell (FigSr 5, 10). But 
whatever position the nucleus may occupy, it 
^'dtoJTistances fro.rtte f embedded in cytoplasm;, and there 

is always a continuous peripheral layer of 
cytoplasm lining the cell w^all This cyto- 
plasmic peripheral layer is in contact with 
the cell wall at all points, and, so long as 
the cell remains living, it contitiues in that 
condition. In old cells, however, it frequently 
becomes so thin as to escape direct observation (Fig, 10), and is 
not perceptible until some reagent which attracts water and causes it 
to recede from the wall has been employed. 



growing point of a pfianero- 
gamic shoot. A;, Nucleus ; cy, 
cytoplasm; v, vacuoles, re- 
presented in B by tlie sap 
cavity. (Somewhat diagram- 
matic. X circa 600. After 
Strasburger.) 
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'B. ..Main Vital Phenomena of Protoplasts, ' '' 

111 order to facilitate an insight into the real cliaraoter of proto- 
plasnij attention will first be directed to the Slbie Fungi (lljxo- 
niycetes), a group of organisms which stand on the border ])ct\vcen tlie 
animal and vegetable kingdoms. The Myxomjcetes are cdiaracteriscd 
at one stage of their development by the formation of a plas^iodiluiu 
a large, naked mass of protoplasm (Fig. 4 ), The cytoplasm consists of 
a clear ground substance, through -which granules arc distrilmted. 
This substance is of the consistence of a tenacious fluid; its superficial 
region is denser and free from grannies, while these are numerous in 
the less dense central portion. The granules enable the internal 
streaming movements of the cytoplasm to be recognised, The 
currents are constantly changing 
their direction, moving either 
towards or away from the margin. 

The formation and withdrawal of 
processes of the margin stand in 
relation to the direction of the 
currents. When naked masses of 
protoplasm such as these pias- 
modia encounter foreign bodies, 
they can enclose them in vacuoles, 
and, when of use as food, digest 
them. 

Even though bounded by a 
cell wall the cytoplasm frequently 
exhibits movements comparable to 
those of the naked amoebae and 
plasmodia of Myxomycetes. These 

movements are usually found in somewhat old cells. The stimulus 
caused by wounding the tissues in making the preparation frequently 
increases the activity of the movement {^); apparently it quickens 
the transport of nutrient material toward the wound. Such move- 
ments show that here also the protoplasm is of the nature of a 
tenacious fluid. When, freed from the cell wall it assumes the form of 
a spherical drop. The cytoplasm, enclosed by a cell wall, may either 
exhibit isolated streaming movements, the direction of which may 
undergo reversals, or a single stream, the direction of which is 
constant. These two forms of movement are distinguished as cir- 
culation and ROTATION respectively. In rotation, which is found 
in cells with the cytoplasm i^educed to a layer lining the wall, the 
single continuous current follows, the cell wall In circulation, on 
the other hand, the movement is found both in the .layer lining the 
cell wall and in the strands traversing the vacuole. In no case does 



, ■, ■„ : 


Fio. 4 . — Portion of a full -grown plasnKjdiuiu of 
Ckondrioi^erimtdijfoniie, (x 90. After Steas- 

.BITRGER.) 
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the boundary layer of the protoplasm take pa,rt in the movcriumt. 
Circulation, is common in cells of land-plants, while rotation is more 
usual in water-plants. 

When the protoplasm is in rotation, the coll nucleus and (dironuitopliorus arc 
usually carried along by the current, but the cliroraatopliores may remain in the 
boundary layer, and thus not undergo movenient. This 
is the case with the Stonewort.s (Cbaraeeae), whose long 
internodal cells, especially in the genus JSlite.Ua^ ailord 
good examples of well-marked i'otation. A j>artieiilai'ly 
favourable object for the study uf protoplasm in circu- 
lation is afforded by the starniual hairs of TirfikscftnUa, 
virginica. ■ In each cell (Fig. 5) currents of luotoplasm 
flow in different directions in the })eri]>heriil cytojdasniic 
layer, as well as in the cyto]>lasmic threoils^ wbleb traverse 
the sap cavity. These cy toplasnue threads gradually <diai%^ 
their form and structure, and may thus alter the position of 
the cell nucleus. 

Movements in limited regions of protoplasts are seen 
in many of the lower Algae, especially in their swann -spores. 
Near the anterior end of the swarm-spore the protoplasm ' 
may contain one or several minute pulsating vacuoles which 
appear and disappear rhythmically at short intervals. They 
empty suddenly, then reappear and slowly increase to their 
full size (Fig. 333, 1 v). The protoplast of the swarni-spore 
also possesses one or a number of threadlike con t^'aetile pro- 
cesses (cilia, flagella) whicli vibrate rapidly and serve as the 
motile organs of the cell. 

Pig. 5,-— Cell from a 

staminaihairof rra- Only witliiu a nari’ow range of temperature 
is the protoplast actively alive, though life is 
snspended by proto- preserved through a slightly more extended range, 
piasniic strands, (x 2 ^,nd coagulates, as a rule, at temperatures 

slightly above 50° 0. Alcohol, acids of suitable 
concentration, solution of mercuric chloride, etc,, 
rapidly coagulate the protoplasm, and such substances are largely 
employed as fixing reagents in microscopical technique (J). 

C, Chemical Properties of the Protoplast (^) 

Active protoplasm generally gives an alkaline, under certain con- 
ditions a neutral reaction, but never an acid one. It is not a simple 
substance chemically, but* consists of a mixture of a large number of 
chemical compounds. Some of these undergo continual changes, upon 
which undoubtedly many important manifestations of the life of the 
protoplast depend. The most important components of the mixture 
are the proteids.. The protoplasm thus shows the reactions of proteids, 
and when incinerated gives off fumes of ammonia. A whole series of 
proteids occur in the living protoplasm. ' In the nuclei proteids contaim 
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ing phospliorus (micleo-proteids) predominate; these are not dissoh’ed 
by pepsirij and only with difficulty by trypsin. Products of the dis- 
sociation of prottdds, especially amides, are also contained in tlie 
protoplasm. ( 3 tlier components are enzymes, carbohydrates, and 
lipoids, such as fats and lecithin, in the condition of a fine emulsion ; 
phytosterin (aromatic alcohols with the forniula C.2^H450H), and 
sometimes alkaloids and giucosides. The ash left after incineration 
shows that mineral snl^stances are not wholly wanting in the 
protoplasm. 

By the aelioii of a dilute solution of potash, of chloral li3’drate, or of eau de 
javelle, all ]>arts of the protoplast are dissolved. Iodine stains it a brownish-yellow 
colour ; acid nitrate of merouiy (Millon’s reagent), rose-red. Such reagents kill 
the protoplasm, after which their characteristic reactions are manifested. These 
reactions are given by proteid substances, but are not altogetber conlined to them. 

D. Structure of the Parts of the Protoplast 

Great assistance in the investigation of the structure of the proto- 
plast is afforded by the processes of fixing and staining. Certain 
fixing agents harden and fix the protoplasm almost unaltered, but 
it is necessary to be on guard against the appearance of a structure 
in the |)rocess of coagulation (^). 

The importance of staining depends upon the fact that the various constituents 
of the protoplast absorb dyes with different intensity and hold them more or less 
firmly when tbe preparation is washed. As a general rule only dead protoplasm 
is readily stained. For staining fixed vegetable protoplasts, solutions of carmine, 
haematoxylin, safranin, acid fuohsin, gentian violet, orange, methylene blue, etc., 
are employed. 

1 . The Cytoplasm.— This when highly magnified is seen to con- 
sist of a clear, hyaline, more or less tenacious fluid (hyaloplabm) in 
which more or less numerous minute drops or granules (miorosomes) 
are embedded. The latter evidently are various products of the 
metabolism, and characterise the granular protoplasm or POLIOPLASM. 
The hyaloplasm itself is, however, not a simple solution. When 
investigated with the help of the ultra-microscope, an instrument 
which reveals granules and droplets too minute to be seen with the 
highest powers of the ordinary microscope, it is found to contain 
countless numbers of ultra-microscopic particles This is a general 
characteristic of those solutions which the physical chemist , recognises 
as GOLLOIBAL SOLUTIONS or SOLS. The demonstration that protoplasm 
is a colloidal solution, and, in fact, an emulsion, is of fundamental 
importance. By its help many vital manifestations become susceptible 
of a physico-chemical explanation. 

An extremely thin boundary layer free from granules is found at 
the periphery of the protoplast, and a similar layer bounds every 
vacuole present in the cytoplasm. The peripheral boundary layer and 
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the vacuole walls can' be_ formed anew, hut arc nevertheless very 
important' parts' of the' protoplast, since they determine the taking up 
of substances. They are semipermeable membranes, i.e, they allow 
water to pass, but are impermeable or only slightly pennealjle to 
many other substances. 

Living protoplasm has frequently a foani-like structure. In 
dividing protoplasts fine filaments may appear which cea,s{3 to l.>e 
evident in the resting condition of the cell It is not known whether 
the cytoplasm has a still finer internal structure which, is not visible. 
When fixed and stained, a reticulate or honeycomb - like structure 
with embedded granules is formed as in other coagulated colloidal 
solutions. 


In addition to tlie structures alluded to above, there have reeently lieen 
demonstrated in the cytoplasm of both embiyonic and perrnnneiit cells certain 
filamentous, spindle-shaped or dumb-bell-shaped structures. 
These are best seen after special fixation end staining, and 
agree so closely with the chon,t,)UIOSOMES (mitochondria) of 
embryonic animal cells that they have been given the same 
name (^■^). Probably they include bodies of various nature 
such as minute vacuoles, filamentous structures in the cyto- 
plasm, young chromatophores, etc. They have beem observed 
in some Mosses in the embryonic cells beside the ehroniatO” 
phores, and also in the Fungi. 

2. The Nucleus Q-) has as a rule a spherical, 
oval, or lenticular form, but in long cells may be 
correspondingly elongated. In embryonic cells its 
diameter may amount to two-thirds of the total 
diameter of the protoplast. In fuil-grown cells of 
the permanent tissue, on the other , hand, the 
nucleus is much less conspicuous, since it has not 
increased in size. Large nuclei are found in most 
Conifers, in some Monocotyledons, and in the 
Eanunculaceae and Loranthaceae among the Di- 
cotyledons. Secretory cells are as a rule provided 
with especially large nuclei. On the otliei* hand, 
gus, Hypholoma fasci- the nuclei of the majority of Fungi (Fig. 6) and of 
cuhere, containing five many Siphoneae are very small 
kTiep.)^^ While the cells of the Corrnophytes are almost 

always uninucleate, in the Thallop bytes, on the 
contrary, multinucleate cells are by no means infrequent. In many 
Fungi (Fig. 6), and in the Siphoneae among the Algae, they are 
the rule. The whole plant is then" composed either of Imt one single 
multinucleate cell, which may be extensively branched and exhibit 
a complicated external form (Fig. 346), or it may consist of a large 
number of multinucleate cells, forming together one organism. Thus, 
on suitable treatment, several nuclei may be detected in the peripheral 
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eytopla-sm of each of the cells of the common filamentons frcsb-wnter 
Alga Chf<Iojihora ulomeivto (Fig. 7). 

The li\'ing nuelens has a finely clotted appearance. It usimlly 
contains one or se\’eral huger, round, highly refractive granules or 
droplets, the use of which is unknown but which are called nucleoli 
(Fig. 2 n). The nucleus, the consistence of 

which a])pears to l>o that of a tenacious fluid, // 

isf.siirrourided:, by a 'nuclear membrane. 

(Fig. 2 h'S) by which the surrounding cyto- {■ 1 

plasm is separated from the NUCLEAR CAVITY. I ' 

Some insight into the finer structure of ' 
the nucleus is o])tained from properly fixed 
and stained preparations. In these a deeply 
staining reticulum of chromatin, which 
appears, to consist mainly of proteids con- 

taini ng phospliorus, is evident. The nucleoli | ji 

are situated in the meshes of the network I ' 

within the nuclear cavity -which is filled with I Ly I 

the NUCLEAR SAP, The nucleoli stain deeply I | 

but differently from the chromatin. 1 j 
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In many iiiielei the reticulum appears to be formed S I 

of a substance called ij-nin that stains feebly, and I @'5' I 

the cliromatiii to be erabeddud in this as minute I, 

granules. Li some Algae and Fungi the nucleoli | ^ 

contain a proportion of the chromatin. They are | ' 

thus not strictly equivalent to the nucleoli of the I ^ ! 

liigher plants, as is further shown by their behaviour | ■ 0 rl i 

in the process of nuclear division (^‘b* ' I 1 

It is still unknown tvhat part the nucleus I 
takes in the vital phenomena of the proto- f 

plast. It is, however, clear that it is neces- I | 

sary for the maintenance of life in nucleated I 1 

cells. It also appears to be of great import- j/ v* 

ance as the main bearer of the hereditary fki. v.—a ceii of ciudophom 
charactei'S. ylomerata, lixeU Avith 1 per cent 

J. 1 /T i\ T jt ■ cliromic acid and stained with 

3. The ChromatophoFesC*). — In the », NneM. (x 54 o. 

embryonic cells of the embryo a*nd of growing After strahburoek.) 
points, %vhere the chroniatophores (Fig. 2 ch) 

are principally located around the nucleus, they first appear as small, 
colourless, highly refractive bodies of circular, spindle-shaped or fila- 
mentous form. In older cells they attain a further development, as 
CULOROPLASTB, LEUCOPLASTS, or CHROMOPLASTS. Since these bodies 
have the same origin they are all termed chromatophores. ^ 

(a) Chloroplasts. — In parts of plants which are exposed to the light 
the chromatophores usually develop into chlorophyll bodies or chloro- 
plasts. These are generally green granules of a somewhat flattened 

c 


18 


BOTAHY, 





ellipsoidal shape (Fig. 8), and are scattered, in numbers, in the 
parietal cytoplasm of the ceils. All the chloroplasts in the Cormo- 
phytes, and for the most part also in tlie gi*ecn Thallophytes, have 
this form. In the lower Algae, however, the chlorophyll bodies may 
assume a band-like (Fig. 328 G), stellate, or tabular shape. They are 
often reticulately perforated, e.g, Cladogjhom (Fig. 9). In these cases 
the chloroplast often includes one or more pyrknoids (Fig. 9 p?/); 
these are spherical protoplasmic bodies containing an albuminous 
crystalloid, and are surrounded by small grains of starch. No further 

structure can be d istinguished — 

in the living chlorophyll grains, 1 

which have a uniformly green 

colour. The green pigment, fef \ -x fi ^ 


Fia. 8. — Two cells from a 
leaf of Funaria Jiygrn- 
onetrica. cj, Chloroplasts; 
n, nucleus, (x 300. 
After SCHENCK.) 


Fig. 0.— Reticulate chloroplast of Cladoplinra 
mxta. py, Pyrenoids; /j, nuclei. (After 
ScHMira.) 


chlorophyll, is essential for the decomposition of carbon dioxide in the 
chloroplasts. 

The most recent investigations (^®), especially those of Willstatteb and his 
pupils, have shown that four pigments are present in the chloroplasts. There are 
two closely related green pigments (chlorophyll a and b) in the proportions of 3 to 
1, and two yellow pigments. The chlorophylls are esters of phytol, an alcohol of 
the formula CgoHggOH, and a tri-carbon acid. They are thus compounds with 
large molecules containing carbon, oxygen, and hydrogen into the construction of 
which nitrogen and magnesium enter, but not, as -was previously assumed, either 
phosphorus or iron. The blue-green ohlouophvll a has the formula C5gH7205]Sr4Mg, 
while that of the, yeiiow-green chlorophyll b is C5gH7oOglSi4Mg. The yellow 
pigments are the orange-red crystalline carotin, hydrocarbons of the composition 
O40H5B. one of which also occurs in the root of the carrot and the yellow^ crystalline 
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XAyriiOPiiYLL (oxirle of carotiiij C 4 oH 5 gOo). Only the chloropliylls ai-e eoiicenieil 
in tbe asKirnlkrion of cai’bon dioxide. 

All four pignientF. ca.n he extracted from the fresh or dried chloroplasts hy 
rarioua solvents, ejj, i>y acetone or 80-90 % jilcoliol. A deep-coloured solution 
containing fill tlie pignients can be most readily obtained by pouring boiling alcohol 
on fresh, leaves. Owing to the contained chlorophyll such a solution is deep green 
liy transndited liglit, but blood-red, owing to fujoilescence, by reflected light. 
Its spectrum (Fig. 24S) is cliaraeterised bj- four absorption bands in the less relTactivc 
portion ;ind throe in the nitore refractive half. The individual pigments can be 
separated by shaking the solution with various solvents. Tims benstol extracts 
the chlorophyll and accmnidates as a green solution above the alcoholic solution 
wliicli is now yellow. The amount of chlorophyll present in green parts of plants 
is relatively small, amounting, according to Willstatter, to 0 '5-1*0 % of the dry 
substance. 

The variegated forms of some cultivated plants have larger or smaller areas of 
the leaf of a white or golden colour. The coll.sdiere contain colourless or yellow 
chromatophores instead of the green chloroplasts. 

Many Algae are not green but exhibit other colours. In the blue -green, 
vcrdigris-greeii, blue, or less commonly violet-coloured Cyanopliyceae, and in the red, 
violet, or reddish-brown chloroplasts of the Rhodophyceae, there are, in addition to 
the four pigments of the green chloroplasts, a blue pigment called phycocyan, and 
a red pigment, phycoerythrin. These may occur singly or together, and both 
are readily dissolved from the dead cells by water containing a little alkali or 
neutral salt and yield a beautifully fluorescent solution. The pliycocyan may often 
be found as a blue border surrounding one of the Oyanophyceae dried upon paper. 
Both pigments appear to bo of proteid nature. Little is known as to their 
significance (^°). In the Brown Algae the colour of the brown or yellow chloroplasts 
is due to their containing, in addition to chlorophyll a and a little chlorophyll b, 
carotin and xanthophyll, the reddish-brown fucoxantbin (G4f)Hj;40e), which is 
allied to the last-named pigment (^'^). 

The colourings which the leaves of trees assume in autmiin before they fall 
are connected with a breaking down of the chloroplasts and their pigments. There 
remain in the protoplasts, in addition to a watery and often red dish -coloured fluid, 
only some oil -drops, crystals, and yellow highly refractive spheres. The case is 
different in those Coniforae whose leaves turn brown in winter and again become 
green in the spring; the changes undergone by the pigments in the chloroplasts 
are here reversible. The assumption of a brown colour by dying foliage-leaves is a 
post mortem phenomenon in which brown pigments soluble in wnater are produced. 

In some phanerogamic parasites the chloroplasts are replaced by 
colourless, brownish, or reddish chromatophores, which may, however, 
in some of these plants still contain a trace of chlorophyll. In the 
Fungi chromatophores are completely wanting, as has already been 
mentioned. 

(b) Leueoplasts. — In the interior of plants, where light cannot 
penetrate, leueoplasts are developed from the rudiments of the 
chromatophores instead of chloroplasts. They are usually of minute 
size (Figs. 5, 10 l\ mostly spherical' in shape, but often somewhat 
elongated in consequence of enclosed albuminous crystals (Fig. 28 A'f). 
If the leueoplasts become exposed to the light, they may change into 
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cUoroplasts. This frequently occurs, for example, in the superficial 
portions of potato tubers. The leucoplasts have, in many cells at 
least, the special function of transforming sugar into giains of starch, 

which appear within them. 

(e) Chromoplasts.'' — These give ' the;;^ 
yellow and red colour to many parts of 
plants, especially to flowers and fruits. 
They arise from the colourless chroiiiatO' 
phores of ‘embryonic cells or from previously 
formed chloroplasts. They may resemble 
the chloroplasts in shape but are often, 
•smaller, while their colour is yellow or 
orange-red. This depends either on xantho- 
phyll or carotin. The pigments are not 
uniformly dissolved in the chromoplast 
but form minute droplets (grana) in the 
Fig, 10. ---Cell from the epidermis of pjasmatic substance (the stroma) The 

Ehoeo discolor, w, Nucleus with ■*■ . *111 ' -j-t 

its nucleolus (/.), and surrounded pigmeiits, especially the carotiH, readily 

by the leucoplasts (1). Proto* crystallise out and the chromoplasts then 
“Xli: !>»“■“'> .^ile^kaped or rhombic 

which is not represented, lining m form (FlgS. 11, 12). 
the wall, (x 240.) 



The origin and significance of the red eye-spots 


which are found in the cells of many Algae, especially in their motile cells, are 
insufiioientl}" known. The eye-spot occurs in the neighbourhood of the chloroplast 
and is often connected with this (Fig. 333, 1 a). Some investigators hold that it 



calyx of Tropmolvm majus, showing Fig. 12.— Chromoplasts of the Carrot, some 

chromoplasts, (x. 540. After Stras- with included starch grains, (x 540. 

BURGER.) After Strasburger.) 


should he reckoned with the chloroplast and that it serves for the perception of 
light somewhat as the eye does. The red pigment, which has been termed haemato- 
GHiiOME, is simply carotin. 
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, I. Opigin of tlie llements of the Ppotoplast (*)■/", 

: ...All the living, elements of the protoplast, the cytoplasm, the liiicleiis,.. 
and the,' chromatophores, are never newly formed hut always arise froiii' 
the corresponding elements of previous generations. They increase 
in mass by a process of growth, BUT' THEY- INCREASE IN NUMBER, LIKE 
THE PROTOPLAST AS A WHOLE, ONLY BY DIVISION OF THEIR KIND. In this 
way the properties of the living constituents of a germ cell are trans- 
mitted to all the ceils of an organism and ultimately to its reproductive 
cells, the uninterrupted continuity of the life being maintained. The 
division of the protoplast is usually initiated by the division of the 
nucleus. In the case of uninucleate cells this intimate association of 
nuclear- and cell-division is necessary in order to ensure that each 
daughter coll has a nucleus. In the multinucleate cells (c.y. of Algae 
and Fungi) this is not essential, since each daughter protoplast 
would obtain the requisite nuclei, and as a matter of fact chil division 
in such cases is of^n independent of nuclear division. 

It sometimeS^iappens that the protoplast of a cell, without 
dividing, abandons its old cell wall. This process, which is called 
REJUVENATION of the cell, has nothing to. do with cell division. 

The rounding off of the protoplast in a cell of the green alga Ocdoyonium^ and 
its emergence from an opening in the , old cell wall as a naked swarm-spore, is an 
example of rejuvenation. Another is- afforded hy the protoplasts of the spores of 
mosses or ferns and of the pollen-grains of seed-plants surrounding themselves with 
a new cell wall within the old membrane, which then perishes, 

1, Typical Division of the Protoplast, (a) Nuclear Division. — 
Except in a few cases, nuclei reproduce themselves by mitotic or 
INDIRECT DIVISION. This process, often referred to as karyokinesis, 
is somewhat complicated. 

Indirect Nuclear Division ( 2 ®). — In its principal features the pro- 
cess is similar in the more highly organised plants and in animals. 
Its stages are represented in a somewhat diagrammatic manner in the 
following figure (Fig. 13) as they occur in a vegetative cell such as 
those which compose the growing point. 

The fine network of the resting nucleus (Fig. 13, 1 %) becomes 
drawn together at definite points and separated into a number of 
bodies (Fig. 13, 2 c/?.), the outline of which is at first irregular. 
Their form soon becomes filamentous, and the filaments become 
denser and at the same time shorter and thicker (3, 4), and stain more 
deeply. , The filaments are called chromosomes. Each chromosome 
undergoes a longitudinal split which continues to become more 
marked (5). The chromosomes, which become shorter, thicker, and 
smooth (6), are moved into the plane ol division where they constitute 
the nuclear or equatorial plate (7 lcp\ a stellate figure (aster) which 
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usually lies in the future plane of division of the cell. It is seen in 
surface view in Fig. 14, 

While the nuclear network is separating into the individual 
chromosomes, cytoplasmic filaments become applied to the nuclear 
membrane, surrounding it with a fibrous layer. Thi^s layer becomes 
raised up from the nuclear membrane at two opposite points 
(6 ]() and forms the polar caps. The filaments converge at the poles, 



Fig. 13.— SiiecessiTO stages of nuclear and cell diviHion in a meristeinatie cell of a higher xdant. 
Somewhat diagrammatic. Based £)n the root of JVajos onarina, fixed wdth the chrom-osmium- 
acetic mixture and stained with iron haematoxylin. n, Nucleus ; nl, nucleolus ; Wj nuclear 
membrane ; ch, chromosomes ; fc, polar caps ; s, spindle ; lip, nuclear plate ; t, daughter nucleus ; 
■y, connecting fibres ; z, cell-plate ; m, new partition wall. The chromatojihores are not visible 
with this fixation and staining, (x about 1000, After Clemens MOllee,) 

where they constitute two pointed bundles. At this stage the nucleoli 
{nl) are dissolved and the nuclear membi’ane disappears. The fibres 
proceeding from the polar caps can thus become prolonged into the 
nuclear cavity (7). Here they either become attached to the chromo- 
somes, or filaments from” the two poles may come into contact and 
extend continuously from the one pole to the other. In this way the 
nuclear spindle (7 $) is formed. The two halves of each chromosome 
separated by the longitudinal split now separate in opposite directions 
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aa tbe diiugbter cliroBiosouies in order to form the daughter nuclei 
(1042 /). .During this stage (diaster) the chromosomes are as a rule 
U-shaped with the bends towards the poles of the spindle. Haying 
reached the poles they crowd together, while the surrounding 
cytoplasm, forms the nuclear membrane delimiting the new nuclei. 
"Within the latter the chromosomes again assume a reticulate 
structure (11) and unite with one another to form a network (12), 
within which their individual limits are not distinguishable. We are 
compelled, however, to assume that the individuality of the cliromo- 
somes is not lost. The young nuclei enlarge and one or more nucleoli 
again appear ^yithiu them (12). 

The end attained by this mechanism of division is that the 
substance of the nucleus, and especially of the chromosomes, is dis- 
tributed as equally as possible to ''the two 
daughter nuclei at each division. hTom this 
it may be concluded that the chromatin is 
especially important for the life of the cell and 
of the whole organism, and that the chromo- 
somes play the main part in the transmission 
of hereditary qualities. 

The number of cliromosomes occurring in 
any nucleus is a detinite one, and when a 
deviation from the usual number is met with, 
it is due to some of the chromosomes having 
remained united end to end (*^‘). The chromo- 
somes of a nucleus may be of diiferent sizes 
(Fig. 14); when such differences in size exist 
they persist in successive divisions. The 
smallest number of chromosomes which has 

yet been found in the nuclei of vegetative cells of the more highly 
organised plants has been six ; as a rule the number is much larger. 

In the lowest divisions of the vegetable kingdom, in some Algae 
and Fungi, the process of indirect nuclear division is simplified, the 
masses of chromatin being less carefully divided between the daughter 
nuclei (^^). 



Fkj. 14. —Young cells from a 
transverse section of the root- 
apex of Galfonhi mndicaiiSi 
sliowing a nuclear plate in 
the polar view. The chro- 
mosomes are groui)ed in 
pairs, (x 1600. After STOxIs- 

BUIiOEK.) 


The changes occurring in a mother nucleus preparatory to division are termed 
the PROPHASKS of the kaiyokinesis. These changes extend to the formation of the 
nuclear plate, and include also the process of the longitudinal division of the chromo- 
somes. The stage of the nuclear plate is the metaphase. The separation of the 
daughter, cliromosomes is accomplished in the akaphase, and the formation of 
the daughter nuclei in the telophase of the division. The real purpose of the 
whole process is attained in the quantitative and qualitative division of the 
chromosomes, resulting from their longitudinal splitting. The anaphases and 
telophases of the karyokinesis are but a reverse x'epetition of the prophases. The 
reversal of tHe stages in the process of. nuclear division commences with the 
separation of the daughter chromosomes. -The stage of the nuclear plate at 
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wliicli the progressive is replaced the regressive iiioveiiuait tends to last a 
considerable time. 

It is uncertain in wliat way the cliroiuosomes are so j'.reciseiy ino\'ed in the 
process of karyokinesis as described above. S'r.R,Asr.i;n(:;icn assiniiod tliat tlju fibres 
of the spindle which appear to end at the chromosomes (traction fibres) by their 
shortening drew the danghter. chromosomes from the nuclear plate to the poles, 
while the fibres extending from the one pole to the other were su]>porting fibres 
to the spindle. This assumption does not, however, explain tiie movement of the 
chromosomes toward the nuclear plate. 

In certain reproductive cells of plants and animals resulting from fertilisation 
the nuclear division proceeds in a special manner and differs from tiic typical 
process just described. It is termed the reduction division, or meiosis (of. p. 203). 

Direct Nuclear Division — In addition to the mitotic or 
indirect nuclear division there is also a direct or amitotic division, 
sometimes called erag-mentation. Direct division of the nucleus 
occurs in nuclei which were themselves derived by indirect division. 
It is essentially a process of constriction which need not, however, 
result in new nuclei of equal size. Instructive examples of direct 
nuclear division are afforded by the long internodal cells of the 
Stoneworts (Characeae). 

In the case of the Stoneworts, after a remarkable increase in the size of the 
nucleus, several successive rapid divisions take place, so that a continuous row of 
beadlike nuclei often results. While in uninucleate cells indirect nuclear division 
is follow’ed by cell division, this is not the case after direct nuclear division. 

(b) Multiplication of the Chromatophores. — This is accomplished 
by a direct division, as a result of which, by a process of constriction, 
a chromatophore becomes divided -into nearly equal 
halves. The stages of this division may best be bbserved 
in the chloroplasts (Fig. 15). 

(e) Division of the Cytoplasm. — In the iminucleate 
cells of the higher plants cell division and nuclear division 
are, generally, closely associated. The fibres of the 
spindle extending from pole to pole persist as con- 
necting fibres between the developing daughter nuclei 
(Fig. 13, 9 and their number is increased by the inter- 
position of others (Fig. 13, 10, 11). In consequence of 
this a barrel-shaped figure, the phragmoplast is formed. 
At the same time the connecting fibres become thickened 
(Fig. 13, 11) at the equatorial plane, and the short 
rod-shaped thickenings form what is known as the CELL 
PLATE. In the case of cells rich in protoplasm or small 
in diameter the connecting fibres become more and more 
extended, and touch the cell wall at all points of tlie 
equatorial plane. The elements of the cell plate unite 
and form a cytoplasmic limiting layer, which then splits into two. In 
the plane of separation the new partition wall is formed of cell-wall 



Fig. 15. — Cliloro- 
pliyll grains from 
fhe leaf of Eu- 
naHii liygranet- 
rica, resting, and 
in process of divi- 
sion. Small in- 
cluded starch 
grains are 
present in the 
grains, ( x 540. 
After Stras- 

BURGER.) 
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8u]\sta.ik;e, Olid tlius sim'Ultaneousey" divides tlie mother cell into 
two daughter cells (Fig. 13, 12 m-). 


If, liGwevor. the wiotlier cell lias a large sap cavity, the connecting utricle 
ciiuiiut at once hc-conie so exteiided, and the partition wall Is then formed 
srroF.ssi'VEi.Y (Fig. Ih). In that case, the ■ » 7 

partition wall iirst eonimences to form at the 
point where the nti’iclc is in contact with / 

the side walls of the mother cell (Fig. 16 yi). A N / i ^ \ 

. The protoplasm then detaches itself from k | . ■'; I f 

the paiif :Of the new wall 'in contact with j 

the, (wall CO f the,,.'iriother cell,,; and ■ moves \ ' 

gradually across until the septum is com- " I ■ — ■ 

pieted (Fig. 16 /» and 0) ; the, new wall ’W ' j 

is thus built up by successive additions 

from the protoplasm,' Fin. 30.- -Three sUigts in the division of n 

living cell of jjtdutitrii!. (x 365. 

In the Thallophytes, even in After treub.) 
the ease of uninucleate cells, the 

partition wall is not formed within connecting fibres, but arises 
either simultaneously from a previously formed cytoplasmic plate, or 
successively, by gradual projection inwards from the wall of the 
mother cell. In this form of cell division the new wall commences 
as a ring-like projection from the inside of the wall of the mother 
cell, and gradually pushing farther into the cell finally extends com- 
pletely across it (Figs. 17, 18). In a division of this sort, in 


F,ia. 17.~CelI of S-pirogyra in division, n, 
One of the daughter nuclei ; w, develop- 
ing partition wall: ch, chloroplast 
pushed inward by the newly forming 
wall. (X 230. After Strasburger.) 


Fig. 18.— 'Portion of a dividing cell of dado- 
phora fracta. w, Newly forming partition 
wall ; ck, dividing chrorncatophore ; 7c, 
nuclei, (x 600. After Strasburger.) 


uninucleate ceils, nuclear division precedes cell division, and the new 
wall is formed midway between the daughter nuclei (Fig. 17). 

In multirmcleate cells a cell division does not follow on each, 
nuclear division. Among Algae and Fungi there are large and 
externally segmented forms which .consist internally of a single 
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protoplasmic mass with many nuclei ; this is not divided into 
chambers by cell walls. 

2. Deviations from typical Cell Division. — The main deviations 
from typical cell division which are found here and there in the 
vegetable kingdom are multicellular formation, cell-budding, and 

FREE CELL FORMATION. 

(a) Free Nuclear Division and Mnlticellnlar Formation. — The nuclear division 
in the multinucleate cells of tlie Thallox-jliytes may serve as an example of free nuclear 
division, that is, of nuclear division unacconipa.nied by cell division. In plants 



with typical uninucleate cells, examples of free nuclear division also occur. This 
„ method of development isespecialiy 

\\l .1 instructive in the embryo-sac of 

I riianerogams, a cell, often of re- 

size^and rapid growth, 

developed. ' The nucleus of the 
I’apidly growing eiubryo-sao 
divides, the two daughter nuclei 
again divide, their successorsrepeat 
^ Process, and so on, ^imtil at 

formed, "no cell division accom- 
panics these repeated nuclear divi- 
■ V sions, but the nuclei lie scattered 

throughout the peripheral cyto- 
lining of the embryo-sac. 
embryo-sac ceases to en- 
large, the nuclei surround thein- 
with connecting strands, 

' '' which then radiate from them in 
* directions (Fig. 19). Cell plates 

^-4' •■' j ^ make their appearance in these 

‘ ' connecting strands, and from them 

Fig, l9.~.Portion of the peripheral protoplasm of the cell walls arise. In this manner 
. embryO'Sac of Reseda odoraia^ showing the commence- , , . , n , t 

ment of multicellate formation. Tlus progresses peripheral protoplasm oi the 
from above downwards. Prom a fixed and stained embryo -sac divides simultane- 
preparation. (x 240, After, Stjeiasbueger.) ously into as many ceils as there 

are nuclei. All intermediate stages 
between simultaneous multicellular formation and successive cell division can 
be found in embryo-sacs. Where the embryo-sac is small and of slow growth, 
successive cell division takes place, so that muiticelluiar formation may be 
regarded as but a shortened process of successive cell division, induced by an 
extremely' rapid increase in the size of the cell. 

(b) Cell-budding. — ^This is simply a special variety of ordinary cell division, in 
which the cell is not divided in the middle, but, instead, pushes out a protuberance 
which, by constriotion, >bc6mes separated from the mother cell. This mode of cell 
multiplication is charjacteristic of the Yeast plant (Fig. 20) ; the spores, known as 
conidia and basidiospores, which are'’ produced by numerous 'Fungi, have a similar 
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iVuiii tliu-,0 foriiH;(i Ly tlie iHiial inode of cell division, in tluit the iVne nnolear divisiifu 
iollowud by tlie ruination of cells, which have no contact with each other, and in 
llie foruiation of which 
hue whole of the cyto- 
plasm of tlie mother cell 
is not used up. This 
process can be seen in 
the development of the 
swarm cells of some 
Alga,c, in the develojdng 
embryo of the Gyinno- 
sperms, in Ephedra, for 
example, and also in the 
formation of the spores 
of the Ascomycetes. A 
single nucleus is present 



Pig. 20 . Saceh a mnyces 
cerevislae. 1, Cells 
without buds ; ':i and 
3, budding cells, ( x 
540, After Stras- 

BITROER.) 



Pig. 21.— Successive stages of the delimitation of a spore in the 
aseus of Erysiphe (^mniumnis. Nuclear netwcn-lc ; n, nucleolus, 
(x 1500. After Harper.) 


to begin with in each aseus of the Ascomycetes. By successive divisions eight 
nuclei lying free in the cytoplasm are derived from this. A debnite portion 
of cytoplasm around each of these nuclei becomes limited hy a peripheral layer, 
which then forms a cell wall. Thus eight separate spores arise (cf. Fig, 381). 
As the researches of Harper {^‘^) have shown, the formation of the peripheral layer 
proceeds from a centrosome-like mass of kino plasm (Fig. 21 which formed a pole 
of the spindle in the preceding nuclear division. The nucleus is drawn out tow='ards 
this mass of kinoplasm. From the latter kinoplasmic radiations proceed (kp) 
which surround the spore as it becomes delimited, and finally fuse to form its 
peripheral layer (Fig. 21 B, 0, D). 


Ill, THE LARGER NON-LIVING INCLUSIONS OF THE 
PROTOPLASTS 

In addition to the minute microsomes which are always present 
in the cytoplasm, larger non-living inclusions make their appearance 
in the cytoplasm and chromatophores of all cells as they pass from 
the meristematic to the mature condition. The ceil sap, which in 
larger or smaller vacuoles is hardly ever absent from a cell of the 
mature tissues of a plant, has already been mentioned. Besides these 
(Jroplets of a watery solution, fats and oils and also solid bodies 
in the amorphous or crystalline condition frequently occur in the 
cell sap or the cytoplasm itself. Many of these included substances 
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are of great value in the life of the plant as reservk jYAterials. 
They are accumulated in considerable quantity for future use in the 
cells of storage organs (bulbs, tubers, seeds). Others arc end products 
of metabolism which may, however, be of great ecological importance. 

A. Inclusions of the Cytoplasm 

1. Fluid Inclusions of the Cytoplasm, (a) The Cell Sap, — This 
name is given to the watery fluid in the larger vacuoles or the single 
sap cavity of vegetable cells (Fig. 3). It is more or less rich in 
various dissolved substances, which are sometimes reserve materials 
and at others end products of metabolism ; solid inclusions, especially 
in the form of crystals, also occur in it. The substances in the cell 
sap may be the same or different from those in the protoplasm. The 
dissolved substances may differ in the various vacuoles of the 
same cell. 

All cell sap contains in the first place inorganic salts, especially 
nitrates, sulphates, and phosphates. Its reaction is usually acid owing 
to the presence of organic acids {e.g. malic acid, which is constantly 
present in the leaves of succulent plants, tartaric acid, oxalic acid, etc.), 
or salts of these. 

The SOLUBLE carbohydrates are especially important constituents 
of the cell sap, often as reserve materials. Various sugars (cane-sugar, 
maltose or malt-sugar, glucose or grape-sugar) are the most important. 
Cane-sugar is frequently stored as a reserve material, as in the sugar- 
beet, carrot, the stem of the sugar-cane, and other plants from which 
sugar is obtained. A similar place is taken by the carbohydrate 
INULIN in the Compositae and by glycogen in the Fungi. Carbo- 
hydrates are transported throughout the plant in the form of sugar. 

If preparations containing glucose be placed in a solution of copper sulphate, and, 
after being thoroughly washed, are transferred to a solution of caustic potash and 
heated to boiling, they will give a brick-red precipitate of cuprous oxide. If cane- 
sugar or saccharose he present, this treatment gives only a blue colour to the cell 
sap. Treated with alcohol, inulin is precipitated in the form of small granules, 
which may be redissolved in hot water. When portions of plants containing much 
inulin, such as the root tubers of DMia mriahilis, are placed in alcohol or dilute 
glycerine, the inulin crystallises out and forms sphaerites, spheroidal bodies com- 
posed of radiating crystal needles ; these sphere - crystals often show distinct 
stratification and are easily broken up into wedge-shaped portions. 

Glycogex, which is of frequent occurrence in animal tissues, occurs in the 
Fungi, Myxomycetes, and the Cyanophyceae in the form of droplets. In the 
Fungi it takes the place of other carbohydrates such as starch and sugar. 
Cytoplasm containing glycogen is coloured reddish-brown with a solution of 
iodine. This colour almost wholly disappears if the preparation be warmed, but 
reappears on cooling. 

Mucilage is often found in the cells of bulbs, as in Allium cepa and Urginea 
(iScUla) maritima ; in the tubers of Orchids ; also in aerial organs (Fig. 22), especially 
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ill the leaves of siieciileiitSj a-iid also '.outside ■tlie. protoplasts in the cell, U'ali 
■..(c£,p. 3S). .. . 

.A'iiiBES, especially Asparagin- and also .albuminous 8UU.S'.rANi:‘]!,;s5 
occur in the ceil sap as reserve materials or as intermediate products 
of the metabolism (cf, p. 1 4 for reactions). 

Highly refractive vacuoles filled with a concentrated solution of 
TANNIN are of frequent occurrence in the cytoplasm of cortical 
ceils, and may often grow to a considerable size. Alkaloids, 
OLUCOSTDES, and BITTER PRINCIPLES allied to these are also not 
infrequent in the ceil sap. All these are usually end products of 
metabolism. 

The dark-blue or green colour reaction obtained on treatment vith a solution 
of ferric chloride or ferric sulphate, and the reddish-brown precipitate formed 
with an aqueous solution of potassium bichromate, are usually accepted as tests 
for the recognition of tannin, although equally applicable for a whole group of 
similar substances. The tannins are not further utilised in the plant. They 
often impregnate cell walls, which then persist and resist decay. 

The cell sap is often coloured, principally by the so-called antho- 
CYxiNiNS, a group of non-nitrogenous glucosides. They are blue in 
an alkaline, and red in an acid-reacting ceil sap, and, under certain 
conditions, also dark-red, violet, dark-blue, and even blackish-blue. 
Alkalies frequently change the colour to green. Anthocyanin can be 
obtained from the cell sap of a number of deeply coloured parts of 
plants in a crystalline or amorphous form. Less commonly yellow 
substances, anthoolore and anthoxanthine, are found dissolved in 
the cell sap as in Ahe yellow floral leaves of the Primrose and the 
yellow Foxglove. A brown pigment called ANTHOPHAEINE occurs in 
the cells of the blackish -brown spots of some flowers. 

The researches of Willstatteii and his pupils (“®) have advanced our knowledge 
of the chemical constitution of the antbocyanins. They are glucosides in which 
cyanidins (aromatic pigment components, hydroxyl compounds of phenylbenzo- 
pyrilium, and apparently related to the llavones), are combined with sugar, e.g, 
in the Cornflower cyanidiii (GisHioOy) and in the flower of the Larkspur delpliinidin 
(GAhbyO^). In red flowers the cyanes are united with acids and in blue howers 
with alkalies, while the pigments in violet flowers are neutral. The anthoxanthins 
also are glucosides with aromatic pigment components which belong to the davones. 

Blood-coloured leaves, such as those of the Copper Beech, owe 
their characteristic appearance to the united presence of green 
chlorophyll and anthocyanin. The autumnal colouring of leaves 
also depends on the formation of anthocyanin. The different colours 
of flowers and fruits which often serve, to attract animals ai*e due to 
the varying colour of the cell sap, to the diflerent distribution of the 
ceils containing the coloured cell sap, and also to the different com- 
binations of dissolved colouring matter with the yellow, orange, of 
red chromoplasts and the green chloroplasts. 
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; (b) Vacuoles containing' Fats {Fatty Oils).— Tliese substaiices^^^ 
of common Gccurrenee as I'eserve materials; about nine-tenths of all 
Phanerogams store them in their seeds. In seeds especially rich in 
oil this forms highly refractive droplets distributed through the 
cytoplasm {e,g, castor-oil in seeds of Pddnus) and may form 70 % 
of the dry weight., Pats are glycerine esters of fatty acids, especially 
of palmitic acid^^ acid and oleic acid 

( 0 ;^gH 3402 ). Since fats provide a greater amount of energy than 
other storage substances, the space available is best utilised for them. 

(c) Yacaoles witii Ethereal Oils and Besins C'^0*“-T^'jese also occur as iriglily 
refractive droplets. They are found in the cells of many petals. Special cells, 
often with corky walls and filled with resin or ethereal oils, are found in the 
rhizomes of certain plants, as for instance in those of J cor us Cahwms and of 
QmgQT {ZingihcT officinale) \ in VoQ bark, as, for example, of Cinnammi trees 
{Ginnamomum) y in the leaves, as in the Sweet Bay [Laurus noblHs) ; in the 
pericarp and seed of the Pepper {Piper nigrum) \ in the pericarp of Anise {lUieium 
anisatum). Ethereal oils and resins have antiseptic properties. In flowers their 
scent assists in attracting insects. Under some conditions the oil assumes the 
crystalline form, in rose petals. 

2. Solid Inclusions of the Cytoplasm, (a) Crystals of Calcium 
Oxalate. — Few plants are devoid of such crystals. They are formed 
in the cytoplasm as end products of metabolism, within vacuoles 
which afterwards enlarge and sometimes almost fill the w^hole cell. In 
such cases the other components of the cell become greatly reduced ; 
the cell walls at the same time often become corky, and the whole 
cell becomes merely a repository for the crystal. The crystals. may 
be developed singly in a cell, in which case they are of consideralde 
size (Fig. 130 l75 Bh^ 184 Z:), or many minute crystals may fill the 

ceil as a crystalline sand. In other cases they form crystal aggregates 
(Fig. 130 186 k\ clusters of crystals radiating in all directions from 

a common centre, or many needle-shaped crystals lie parallel forming 
a bundle of raphides (Fig. 22). The various types of crystids pre- 
dominate in different plants. 

The LAROE SOLITARY CRYSTALS beloiig to the tetragonal or to the inonosym- 
mefcric system, the concentration of the mother-liquor from which they crystallise 
out determining which system is followed. The stellate crystal ACfuiEGATEs 
radiating from an organic nucleus are particularly common. In Monocotyledons 
and in many Dicotyledons raphides are of widespread occurrence (Fig. 22), the 
bundle of crystals being always enclosed in a large vacuole filled with mucilage. 

Siliceous bodies, which are only soluble in hydrofluoric acid, are found in 
the cytoplasm of many cells, especially of Palms and Orcliids, and often com- 
pletely fill the whole cell. 

(b) Aleupone Grrains. Proteid Crystals. — Albuminous substances 
may be stored in a dissolved form in the cell sap of succulent parts of 
plants. Thus they can, be precipitated by treatment with alcohol in 
the ceils of the potato tuber.- In dry structures, such as many seeds, 




MOEPHOLOOY 


proteid substances occur as solid granules called Amvmmi urains, 

wbicli are especially large in oily seeds (Fig. 23), They are formed 

from vacuoles, the contents of which are rich in albumen, and harden 

into round grains or, sometimes, into irregularly shaped bodies. The 

albuminous substances of which they consist are mainly globulins 

A portion of the albumen often crystallises, so that frequently one 

and occasionally several ' 

crystals are formed within the B 

aleiirone grain. In aleurone 

grains containing albumen I- 


Fio. Cell from tlie endosperm of llurinuti 

comtHioiis, ill watex’ ; i?, isolated, aleurone gi*ains 
in olive oil ; k, albumen crystals ; globoid, 
(x 54:0, After Steasburoer.) 




5. 22.— Cel] from tlm cortex of Dra- 
caena Tuhra, filled witli mucilagin- 
ous matter and containing a bundle 
of rapbides, r. (x IbO. After 
SCHENOK.) 


Fig. 24.— Part of a section of a grain of wheat, Tritimm 
viilgare, p. Pericarp ; t, seed coat, internal to which 
is the endosperm ; al, aleurone grains ; am, starch 
grains ; It, cell nucleus, (x 240. After Strasbujroee.) 


crystals there may often be found globular bodies termed globoids 
(Fig. 23 y), which consist of globulins combined with the calcium and 
magnesium salt (phytin) of an organic phosphoric acid (phytic acid). 
Crystals of calcium oxalate are also found enclosed in aleurone grains. 
Free globoids are found in the cytoplasm of some seeds. In the 
cereals the aleurone grains, which lie only in the outer cell layer of 
the seeds (Fig. 24 al), are small, and. free from all inclusions; they 
contain neither crystals nor globoids. As the outer cells of wheat 
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grains contain, only-, aleurona, and tlie ' iniieiT aliiiost cxcliisiYelj sfcarcli, 
it follows : that flou^^ the ■ rieher or ^Doorer in albumen, the more 
or less completely this^ outer' layer has been removed before the wheat 
is ground. The aleuroiie layer remains attached to the inner layer 
of the seed-coat, in the bran. 

Reactions for aleurone are the same as those already ineutioiied for the 
albiiraiaoiis substance of protoplasm. Treatment of a cross-section of a grain of 
wheat (Fig, 24) with a solution of iodine would give the aleurone layer a yeilow- 
brown colour. . ' 

ALBTJ3IEN OiiYSTALS. — Crystals of albumen are of relatively frequent occurrence 
in vegetable tissues and are often found in aleurone grains (Fig. 2-3) ; especially 
large crystals are found in the endosperm of the Brazil nut {JJrrlkulleUa. exedsa). 
Albumen crystals may also occur directly in the cytoplasm ; as, for instance, in 
the cells poor in starch, in the peripheral layers of potatoes, and in ebromato- 
])hores (Fig. 28). V Albumen crystals are sometimes found even in the cell nucleus. 
This is particularly the case in the Tooth wort (Zathraea), and in many Scrophii- 
lariaceae and Oleaceae. Albumen crystals usually belong either to the regular 
or to the hexagonal crystal system. They differ from other crystals in that, like 
dead albiiininous substances, they may be stained, and also in that tbey are 
capable of swelling by imbibition. 


B, Inclusions of the Chromatophores 

Crystals of albumen and of pigments have already been mentioned 
as occurring in chromatophores (Fig. 28), but the hiiost important 
inclusion is STARCH The cbloropiasts in plants exposed to the 

light almost always contain starch grains (Fig. 15). These grains of 
starch found in the cbloropiasts are formed in large numbers, but as 
thejr are continually dissolving, always remain small. Large starah 
grains are found only’ in the reservoirs of reserve material, where 
starch is formed from the deposited products of previous assimilation. 
Such starch is termed RESERVE starch, in contrast to the assimila- 
tion STARCH formed in the cbloropiasts. It also only arises in 
chromatophores, in this case the leucoplasts or starch-builders which 
form it from sugar. 

All starch used for economic purposes is reserve starch. The 
amount of starch contained in reservoirs of reserve material is often 
considerable;, in the case of potatoes 20 per cent of their wLole 
weight is reserve starch, and in wheat the proportion of starch is as 
high as 70 per cent. The starch flour of economic use is derived by 
washing out the starch from such reservoirs of reserve starch. In 
the preparation of ordinary flour, on the contrary, the tissues contain- 
ing the starch are retained in the process of milling. 

The reserve starch consists of flat or roundish (oval or circular) 
grains, differing in sijse in different plants. A comparison of the 
accompanying figures (Figs. 25-27), all equally magnified, will give 
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-an idea of the varying size of the starch gi’ains of different plants. 
The size of starch grains varies, in fact, from 0-002 mm. to O-nO 



Fig. 25. —Starch grains from a potato. J, simple ; 
IJ, half- compound ; G and D, compound starch 
grains ; c, organic centre of the starch grains, 
(x 540. After Stuasbueger.) 



Fig. 20., —Starch grains from the 
cotyledons of i7f«seo?'ifs ra?- 
garis. (x 540. After Stras- 

BURGER.) 



Fig. 27.— Starch grains of the oat, 
Avena satim. A, Compound 
grain; B, isolated component 
grains of a compound grain, 
(x 540. After Strasburger.) 


mm. Starch grains 0*170 mm. large may be seen even with the 
naked eye, as minute bright bodies. The starch grains stored as 
reserve material in potatoes are comparatively large, attaining an 
average size of 0*09 mm. As shown in the above figure (Fig, 25 A), 
they are plainly stratified. The stratification is due to the varying 
densities of the successive layers ; 
thicker denser layers which appear 
clear by transmitted light alternate 
with thinner less dense layers which 
appear dark. They are excentric in 
structure, since the organic centre, 
about which the different layers are 
laid down, does not correspond with 
the centre of the grain but is nearer 
to one margin. The starch grains of 
the leguminous plants and cereals, on 
the other hand, are concentric, and 
the nucleus of their formation is in 
the centre of the gi-ain. The starch 
grains of the kidney bean, Fhmeohis 
mikfaris (Fig. 26), have the shape of 
flattened spheres or ellipsoids ; they 
show a distinct stratification, and are crossed by fissures radiating 
from the centre. The disc-shaped starch grains of wheat are of 




Fig; 2S.— Leucoplfists from air aerial tuber 
ot BJiajus grandifolms. A, C, D, viewed 

from the side; B, viewed from above; 
si, starch grain ; /rr, jiroteid crystal. 
(X 54-0. After Straseurgeb.) 
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two very different sizes, and only indistinctly stratified. In addition 
to tlie simple starch grains so far described, haltcompoiiiid and com- 
pound starch grains are often found. Cxrains of the former kind are 
made up of two or more individual grains, surrounded by a zone of 
peripheral layers enveloping them in common. The compound grains 
consist merely of an aggregate of individual grains unprovided with 
any common enveloping layers. Both half-compound (Fig. 25 B) and 
compound starch grains (Fig. 25 (7, D) occur in potatoes, together with 
simple gi’ains. In oats (Fig. 27) and rice all the starch grains are 
compound. The compound starch grains of rice consist of from 4 to 
100 single grains ; those of the oat of about 300, and those of 
sometimes of- over 30,000. Starch grains have thus 
distinctive forms in different plants, 

The structure of starch grains becomes intelligible in the light of 
their mode of formation. If the starch grain is uniformly surrounded 
by the leueoplast during its formation, it grows uniformly on all sides 
and is symmetrical about its centre. If the formation of a starch 
grain begins near the periphery of a leueoplast, the grain will grow 
more rapidly on the side on which the main mass of the leueoplast 
is present, and the starch grain thus becomes excentric (Fig. 28). 
Should, however, several starch grains commence to form at the 
same time in one leueoplast, fchey become crowded together and- form 
a compound starch grain, which, if additional starchy layers are laid 
down, gives rise to a half-compound grain. 

Starch grains are composed of carbohydrate with the formula 
(OgHi^Og),,. When it is to be employed further in the metabolism of 
the plant, starch is again transformed into sugar ])y the action of an 
enzyme called biastase. 

Starch grains may be regarded as crystalline structures, sphaero- crystals, or 
spbaerites, ^^’'Mch are built up of radially arranged, needle-shai'^ed crystals of a- and 
jS-amylose, With polarised light they show, like inorganic sphaerites, a dark cross, 
an appearance depending on the douhly-refractive nature of the elements of the 
starch grain. The stratification may he the expression of differences in form and 
abundance of the crystalline needles in the successiye layers. 

Starch grains are as a rule coloured, first blue and then almost black, hy a 
watery solution of iodine; the grains of glutinous rice, however, stain wine-red,- 
possibly consisting of amylodextrine^ They are easily swollen at ordinary/ 
temperatures in solutions of potash or soda and by chloral hydrate. They also 
swell and form a paste in water at 70®-80“ C. They dissolve, i.e. are transformed 
into sugar without previous swelling, in concenti‘ated sulphuric acid. Heated 
without the addition of water, , or roasted, the starch is transformed into an 
imperfectly known substance that is soluble in water. 

IV. THE CELL WALL (^^^ 

^Each protoplast, in, plants is as a rule enclosed by a firm invest- 
ment called the cell wall. This is formed on the outside of the 
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protoplast and is not itself regarded as living. Many plants 
commence their development as naked pi'otoplasts, e.g. swarm-spores 
or egg-cells. These cells/ before developing further and dividing, 
secrete a thin cell wall clothing the surface. In cell division, as has 
already been d escribed, a partition wall is usually formed between the 
new cells so that each protoplast remains enclosed by a cell wMl. 

The form of cells is usually dependent on the cell wall, for the 
naked protoplast behaves like a fluid drop. The relatively small and 
uniformly shaped meristematic cells attain their ultimate size ami 
special shapes by the growth in surface of their walls. This growth 
is sometimes the same all round, ‘ arid:'' at -othoi' times is limited to 



the tip or an ‘'angle of the cell, to 
a girdle -like zone, or some other 



circumscribed region. It comes 


Fjg. 30. —Sclerotic celt from the shell of a wahnit 
showing stratification of the wall and branch ed 
pits. The canals of some of these pass ob- 
liquely out of the plane of section. (Eothert, 
adapted from Reinke.) 


Fig. *29. — Spherical stalked cell 
of Saprolegnia with cireular 
pits in the wall. B, One pit 
of this in optical section more 
highly magnifled. 


about as a result of the stretching and sometimes the rupture of the 
wall and the secretion and deposit of new cell-wall substance by the 
protoplast (GROWTH by apposition), or else by the insertion of new 
'material between the particles of the existing wall (growth by 
intussusception). 

The cell wall serves to protect and also to give rigidity to the 
protoplast. This is attained both by the tension of the membrane 
(turgor, cf. p. 22d) and by the growth in thickness of the cell wall 
■The thin and structureless walls become as a rule thickened either 
uniformly or so that parts remain relatively thin, while others grow 
in thickness. In many cells the whole extent of the wail is thickened 
with the exception of small circular, elliptical, or spindle-shaped 
areas which form the PITS. These appear in the thickened wall as 
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depressions (Fig, 29) or tubular canals (Fig. 30), closed at one end, as 
a rule the outer, by the unthickened portion of the ceil wall which 
forms the pit membrane (Fig. 2d B). Sometimes with the increase 
in the thiclaiess of * the Avail the canals of several pits unite forming 
BRANCHED PITS. Such branched pits have usually very narrow canals 
and occur for the most part in extremely thick and hard cell walls as, 

for instance, those of sclerotic 
cells or sclereides (Fig. BO), 
In other cells the greater part 

Fig. 31.— Portion of a tobsilar rhizoid of Marolmntia with Wall is Only slightly 

local peg-like thickenings of the wall. thickened, while naiTOwly 

circumscribed portions 
thicken greatly and assume the form of projections, warts, simple or 
branched pegs (Fig. 31), spines (Fig. 32), ridges, bands or a network 
(Figs. 67. .,68). Such thickenings may form either on the outside 
(centrifugal inner surface of the wall (centripetal). Small 
projections often. occuT“-on hairs, while the thickenings of spores 
and pollen grains (Fig. 3‘S) and i]x~ many water-conducting cells of 
the higher plants (Figs. 67, 68) are characteristic. 

A very peculiar form of thickening Avitli calcium carbonate deposited in it and 
localised to one small region of the wall is seen in the cystolith which forms a 
stalked body, hanging in the cell like a bunch of grapes {Ficus elastica, Fig. 33). 

The growth in thickness, which commences during the growth in 
surface of the wall, continues after this is complete. It is usually 
effected by apposition, Le. the 
deposition of material by the 
protoplasm on the already exist- 
ing wall in the form of new 
layers or lamellae. In this way 
a concentric stratification of the 
cell wall arises (Fig. 30). In 
the thickened wall thicker, denser 
lamellae alternate with thinner 
and less dense layers, which are 
often not only richer in water hut 
chemically different from the 
denser layers. The latter are 
more highly refractive and appear 
brighter. In many, apparently 
homogeneous, cell walls such 
stratification can be recognised after swelling has been brought about 
by treatment with strong acids or alkalies. 

Not uncommonly growth in thickness also depends on the 
introduction of new material into the existing wall (intussusception). 

Centrifugal thiokeniug of the wall is frequently brought about by intussusception. 
This can take place at some distance from the protoplasm and be associated with 



view, and partly in optical section, rendered 
transparent by treating with oil of lemons. 
( X 240.) B, Part of transverse section of pollen 
grain of Cumirhita verrucosa, (x 540. Aftei 
Stbasbdeoer.) 
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cliemlcal and structural ditrerentiation of tKe cell wall, whicli tliiiri Ijfihaveb .iliaosl 
as if it were a living structure. The , centrifugal thickening of the w;ilis of cells 
which have arisen by free cell formation (e.g. ascospore.^) is eiffi-brl hy the. 
periplasni from which the cells have been cut out (cf. jc Shisilarly the 
thickeinngs of many pollen grains and spores are deposited from without by 
the protoplasm of the tapetal cells whicli line the cavities in wliicli they are 
developed. The protojhasts of the tapetum fuse to a peri plasm odium siirroiniding 
the young spores or pollen grains (''L. 

In some cases fine striae, rimniiig obliquely to the longitudinal axis of tiio cell, 
are apparent when the thickening layers are viewed from the sur&ee (Fig. 34(;. 
This striation depends either on a distinction in the individual thiekening layers 
of regions of different density, the denser frequently pu’ojecting into the cell cavity, 
or (in many Algae such as 
on a wave-like folding of the lamellae. 

If the wail is distinctly stratilied the 
striae in successive thickening layers are 
usually inclined in opposite directions 


Fig. 34. --Part of a sclerenchymatoiis fibre 
IVom Finca maiiof. The striatioiis of 
the outer layers are more appareiib than : 
those of the inner layers. The thick-/ 
ness of the wall, as seen in optical 
section, is also shown. ( X 500. After 
, Strasburger.) ' 

Chemical Nature of the Cell Wall {^'^). — Although capable of the 
above processes of growth the cell wall is from the outset not a living 
portion of the protoplast but a product secreted by the latter. In 
course of time it can undergo changes of a chemical nature. In 
living cells it is always permeated by water and swollen, but shrinks 
correspondingly when the water is more or less completely removed. 
The lamellae of the wail , consist of caebohydeates, in the main of 
CELLULOSES, but also of prEMlOELLULOSES or PENTOSAN ES, and as a rule 
of several of these substances* The cell walls thus never consist of 
pure cellulose. The celluloses occur in the walls of all plants with 
the exception of most fungi ; they are polysaccharides, the composition 
of which is expressed by the formula (O^H^QOg),,. They stain blue 
with chlor-zincdodide solution but not with iodine alone. This 



Fro. 33.— Cell of Ficus elastica contain- 
ing a cystolith, c. (x 240. After 
SCHENCK.) 
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reaction holds for many hemicelluloses which are also polysaccharides. 
The cell wail nearly always contains other substances in considerable 
amoinit, some of which are stained other colours than blue by chlor- 
zinc-iodide. The pectic substances are especially important ; these 
take a yellow colour with this reagent. It depends on this that many 
“ cellulose walls do not give a pure blue with chlor-rinc-iodide but 
stain violet, browmish violet, or brown. Ohitin is present in the wTills 
of most Fungi and Bacteria. This substance, formerly regarded as 
peculiar to the animal body, replaces cellulose in the case of 
the Fungi (^^). 

The celluloses are insoluble in dilute acids and alkalies; even concentrated 
potash solution does not dissolve tbem. They are, on the other hand, soluble in 
ammonia-oxide of copper, bj concentrated sulphuric acid after conversion into 
dextrose, and by a special enzyme (cytase) formed by plants. After treatment 
■ with sulphuric or phosphoric acid a watery solution of iodine will colour them blue, 

; and a similar reaction is obtained by the simultaneous action of a concentrated 

ji solution of certain salts, such as zinc-chloride or aluminium-chloride, and of iodine. 

Accordingly chlor-zinc-iodide, on account of the blue or violet colour imparted by 
i': it, is one oi the most convenient tests for cellulose. The name of hemicelluloses is 

given to a series of substances which are nearly related to the celluloses, but are 
transformed by even dilute acids into soluble sugars other than dextrose. They 
are often insoluble in ammonia-oxide of copper. As the celluloses are poly- 
saccharides with large molecules produced from hexoses (0^11120^), the pento- 
sanes (05^1304)11 are coi'responding condensation products of pentoses (C5H30O5) 
such as arabiiiose and xylose. The pectins are characterised by the ease with 
which they dissolve in alkalies after previous treatment wdth dilute acids. In 
contrast to cellulose, they stain deeply with safranin and methylene blue. The 
>1 pectins are complex compounds in which mouohexoses, pentosane, and in addition 

' methyl alcohol behaving as an ester and calcium and magnesium behaving as salts, 

are united to tetragalacturic acid (024X134005, a condensation prodxict of galacturic 
acid O^H.oO,) (^ 4 ). . . ■ 

' Ohitin is a polysaccharide containing nitrogen ; it contains acetyl-aoetic-acid in 

i an acid-amide-like combination. 

i , The cell wall frequently undergoes chemical changes of various 

\ ' kinds during the life of the cell; sometimes layers already deposited 

■ change, in other cases the newly deposited layers are different from 

;; ' those first formed. These transformations stand in the closest relation 

" I to the requirements of the plant to which the cells contribute. As 

regards ‘‘cellulose walls/^ these in young cells are less elastic but 
relatively more extensible than in older cells ; this is advantageous in 
; relation to the active growth in length of young parts. Such walls 

1. i offer little resistance to the diffusion of water and dissolved substances. 

; ' - Cellulose wails not infrequently become mucilaginous, their sub- 

i stance being transformed into a gelatinous or mucilaginous mass which 

swells . greatly iii water. Frequently cell walls undergo ligniftca- 
i.ri TION, SUBERISATION, or CUTINISATION. Ligiiificatioii diminishes the 

extensibility of the cells considerably, and increases their rigidity 
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witliGut lessening the permeability of tbe wall to water and fjis>.ol\'ed 
substances. Corky and cutinised ATalis, on tbe other band, a.re 
relatively iniperiiieable to water and gases, and greatly <liro]ni.sli 
evaporation. The cell walls are frequently coloured dark by deriva- 
tives of tannins, and thus, as in seed-coats and in the old wood, are 
protected against decay. In old cell walls inorganic substances often 
accumulate in considerable amount. Silicic acid is frequent, calcium 
carbonate less common, while organic salts such as calcium oxalate also 
.■occur.,. 

LioNmCATiON depends on the introduction into the carbohydrate layers of the 
ceil wall of various substances which are mainly benzole derivatives. The inner- 
most layers of the wall of lignified cells consist, however, in many cases of cellulose. 
Characteristic reactions for lignin are a yellow colour with acid aniline sulphate, 
and a red colour with pliloroglucin and hydrochloric acid. ‘With chlor-zinc- 
iodide lignified walls stain yellow, not blue, Klasox regards these reactions 
as dependent on a condensation product of coiiiferyl- and oxyconiferyl- alcohol 
■which he calls lignin. 

SuBUKisATiox is as a rule limited to the middle thickening layers of a cell wall. 
The. corky lamellae consist of suberin only and thus contain no carbohydrate. 
OuTixiSATiON is closely related to suberisation but not identical. It consists in a 
secondary deposit of cutin on a cellulose wall, or its introduction into the 
substance of the wall. No sharp distinction can be drawn betw’een cutin and 
suberin. Both are coloured brownish yellow by chlor-zinc-iodide and take a nearly 
identical yellow colour with potash ; they stain red Avith sudan-glycerine and are 
both insoluble in concentrated sulphuric acid or ammonia-oxide of copper. Cutin, 
however, resists the action of potash better. Both cutin and suberin behave 
differently to reagents according to their special mode of origin. According to 
VAN WissELiNGH suherin is a fatty substance which is composed of glycerine 
esters and other compound esters of phellonxc, suberic, and others of the higher fatty 
acids ; the phelloiiic acid, which is a constant constituent of suberin, is wanting 
in cutin. 

Calcium carbonate occurs in the walls of certain plants, e.g. of most Charaeoae. 
in such amount that they become rigid and brittle. Silicic acid is present in the 
peripheral cell Avails of grasses, horse-tails, and many other plants {e,g. of the 
unicellular diatoms), and makes them more rigid. Calcium oxalate Avhen present 
is usually in the form of crystals. 

The pigments belonging to the fiavone group Avhich occur in the technically 
A^aluable Avoods are also localised in the cell Avails, 

Solid cell AA'alls may undergo a transformation into gum, as in the giinnnosis 
of wood. In species of Pnt'tius and Citrus the thickening layers of the cell Avail 
become SAVollen one after another in this process, and ultimately the cell contents 
are involved in the change 
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HISTOLOGY (S'); 

THE CELLS AS ELEMENTARY . UNITS OF THE BODY ^ 

I. THE FORMATION OF TISSUES 

A. The Idea and Sig‘nifiean:ee of GelMar Tissues 

Every close association of protoplasts enclosed in cell walls is 
termed a tissue. 

V Only the lowest organisms are composed of a single uninucleate or 
miiltinucleate protoplast and are thus unicellular throughout their life. 
Usually the body of a plant is multicellular, consisting of many 
protoplasts separated by cell walls and thus forming a tissue. The 
attainment of large size and more complex external organisation 
is as a rule associated with such a structure. There are, it is true, 
certain Algae (Siphoneae) which are externally highly organised, 
while they consist internally of a single multi nucleate protoplast. 
These may be contrasted as non-celluiar organisms with the ordinary 
cellular plant, to the construction of which they form an exception. 
The formation of a cellular tissue is of the greatest importance in the 
development of more highly organised plants in enabling a division of 
labour to he effected in the protoplasm of the body. The division of 
the protoplasm into numerous protoplasts provides elementary parts 
which can take over different duties. The cell walls separating the 
ji lirotoplasts isolate the latter more or less, 

while at the same time increasing the 
cohesion and the internal rigidity of the 
whole body formed of the numerous soft 
protoplasts. 



A very Imperfect tissue formation is foimd 
in tliose organisms the cells of which separate 
from one another at each diyisioii, hnt remain 
connected by the imicilage derived from the 
Fig, B6.—Gloeocapsa polydermatim. swollen cell walls. Snell unions of more oi* less 
A, Commencement of division; independent cells that have had a conimon origin 


B, (to the left) shortly after divi- 


may be termed cell families or cell colonics. The 


stage, (x 540. ^ 

After Stkasbdeger.) Scliizopliyoeae, to which group Glocoeupaa. (1 ig. S5) 

belongs, and the orders of the Volvocales and 
Protococcales among the Green Algae afford numerous examples, and the dcserip” 
tious in the special part should be consulted. 

In the ceil filaments and cell surfaces of those lower Algae in which the cells 
are all equivalent hut are united together, the characters of a definite tissue liegin 
to make their appearance. With the increasing niunber of cells composing the 
organism we get a contrast between base and apex and the appearance of a growing 
point, and also progressive division of labour among the cells. 
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B. Origin of Tissues 


A continuous aggregation of cells in intimate union is called a tissue. 
The origin of vegetable tissues is, in general, attributable to cell division. 
In Ilyilrodidyon among the Algae a tissue is formed by the apposition 
of free cells. In the Fungi and 
Siphoneae a tissue arises through the 
interweaving of tubular cells or cell 
filaments (Fig. 37). In such cases, 
where the filaments are so closely 
interwoven as to form a compact 




Fig. 36.— Transverse section of the sclero- 
tiiiin of ClaoLcej^s 'purpurea, (x .800.- 
After SGHENCK 4 ) 


Fig. 37.— Longitudinal section of the stalk of 
the fructilication of Boletus eduUs. (x 300. 
After ScHENCK.) 


mass of cells, the tissue thus formed has the same appearance as the 
tissues of higher plants (Fig, 36). The mutual interdependence of 
the cells of a tissue is manifested both by the conjunction of their pits 
and by the general similarity of their wall thickenings. 


C. The Cell Walls in the Tissues 

When sections of vegetable tissues are examined under a low 
magnification the attention is attracted mainly or only by the cell walls. 
These appear to form a network of threads something like a woven 
tissue, and the name takes its origin from this inaccurate comparison. 

The cell walls exhibit peculiarities resulting from the connection of 
the cells and characteristic of particular tissues. 

1. Stratification. — All the septa arising in the course of cell 
divisions in tissues are at first very thin and simple lamellae, common 
to the two cells the protoplasts of which they separate. The cell wall 
nev^er remains in this condition. Even in meristematic cells it becomes 
thickened as the membrane grows in surface extent. Thickening only 
ceases long after the cell has reached its ultimate size. It varies 
according to the functions taken over by the cell as part of a 
permanent tissue, especially thick walls being found in cells which 
contribute to the mechanical rigidity of the plant (Fig. 38). As a 
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rule the thickening of a partition wall is effected by the two adjoining 
protoplasts depositing new lamellae on both sides of the original thin 
septum (Pigs. 38, 40, 62). The thickening may thus be equal or 
unequal on the two sides and each protoplast comes to have its own 
surrounding layers. The common middle region of the w^all is called 
the middle lamella (Fig. 38 m). It is as a rule very thin, only widen- 
ing out somewhat at the angles where several walls meet (Fig. 71 
and consists mainly of pectic substances containing calcium ; it is 
relatively easily dissolved. In lignified and suherised tissues the 
middle lamella is also lignified. 

In soft tissues eyen boiling in water may swell tlie middle lamella and so 
separate the cells {e.g. many kinds of i^otatoes). In ripe fruits this separation 



Pig. 3S.— Strongly thickened cell from the pith 
of Clematis vitalba. m, Middle lamella ; i, inter- 
cellular space ; pit ; w, p>itted cell wall in 
surface view, (x 300. After Schenck.) 



Pig. 30.— Cells from the endosperm 
of Ormtliotjalum unibdloimn, m, 
Pits in surface view ; p, closing 
membrane ; oi, nucleus, (x 240. 
After Steasbubcer..) 


occurs naturally: Treatment with Schulze’s macerating fluid (potassium chlorate 
and nitric acid) or with concentrated solution of ammonia will separate other cells 
by destroying the middle lamella. The macerating fluid will thus isolate the 
elements of wood. There are also certain Bacteria which ferment pectic substances 
and thus bring about the separation of the cells ; in this way the meclianical cells 
of Flax are isolated in the process of retting. 

The thickening layers are. distinguishable from the middle lamella 
both by their optical and chemical properties. Since they usually 
lie equally on both sides of the middle lamella the whole wall acquires 
a more or less symmetrical construction (Figs. 38-40, 41, 62) which 
extends, to the pitting.- Three distinct layers can frequently be 
distinguished in strongly thickened cell walls, such as those of the 
wood, a primary, a secondary, and a tertiary thickening layer ; these 
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differ in their optical appearance and their clicmieal composition. 
The secondary thiclvening layer is asually the most strongly developed, 
and forms the chief part of the cell wall The tci'tiary or innermost 
layer is usually more highly refractive (Fig. 71 Ci) ; it consists as a 
rule of cellulose. 

Cell walls which do not adjoin other cells (Figs. 40, 44) and 
especially the external walls of the plant are, on the other hand, 
asymmetrically constructed. In such cases thickening layers can only 
be deposited on the side of the original 
cell wall which faces the cavity of the 
cell. 

2. Pitting, — The cell walls which 
separate the protoplasts will evidently 
render difficult the passage of materials 
from cell to cell in proportion to the 
thickness of the wall. The life of the 
organism could not continue without 
such transport of material. It is there- 
fore necessary that this should npt he 
too greatly hindered by the thickening 
of the walls that ensures rigidity. The 
difficulty is met by the formation of pits 
in the walls between the protoplasts, 
while pits are as a rule wanting in the 
free external walls. 

The pits, which in greatly thickened 40 .—Ceiis from tiie cortex of Ms 

walls form canals 'with circular (Figs. wall ; mtercelMar spaces, (x about 

38 39 m) or elliptical cross section, m) 

meet accurately, and would form one 

continuous canal were it not that the unthickened primary w^all 
persists as a pit membrane (Figs. 38 39 j?, 40 t). The openings of 

narrow’” elliptical pits into adjoining cells usually appear to cross one 
another obliquely. 

The structure of pits may be very easily seen in the greatly thickened and 
abundantly pitted cell walls of the seeds of various Palms, Liliaceae, and other 
Monocotyledons {0 rmthogalum, Fig. 39). The thickening here consists of a hemi- 
eellulose which forms a reserve material in the seed, and at germination is dissolved 
by an enzyme. The walls have a gleaming, white appearance, and are so hard that 
such seeds, e.g. of tlie Palm, Phytelephas 'rmcrocarpa, are technically known and 
employed as vegetable ivory. 

3. Connections of the Protoplasts in Tissues. — The harmonious 
co-operation of all the living parts of the body, which is such a striking 
feature of the life of an organism as a whole, would, hardly he possible 
if the protoplasts forming the tissues were completely divided from 
one another by the ceil walls. It can in fact be shown that the 
protoplasts of the plant are united tog.ether by extremely find 
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cytoplasmic filaments, which proceed from the boundary layer of the 
cytoplasm and are known as plasmodesms Such filaments are 

mostly confined to the pit membrane (Fig. 41 but may also 
penetrate the whole thickness of the cell wall (Fig. 42 y;/). The 
existence of these connecting filaments of living substance between 
the protoplasts confers an organic unity on the whole body of the 
plant, serving for the conduction both of substances and of stimuli. 

4. Cell Fusions.— Eapid transport of substances within the body 
of the multicellular plant is necessary, for instance from one organ 
to another, as from the leaves 

m 

i i l l I' 0 

jiitf 


to the roots. The process of 
diffusion through the cell walls 
or the movement of substances 
in the very fine plasmodesms 
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Fig. 41. — A cell from the cortex of the 
Mistletoe (Fiscmi album ) ; the protoplast 
has been properly iixeci and stained and 
the wall (m) vswolleii. llie pit membranes 
{s) are traversed by connecting threads ; 
‘ cliy cliloroplasts ; n, nucleus, (x 1000. 
After Str.^sburgicr.) 


c 

Fig. 42. — A, A swollen portion of coll wall 
from the endosptirm of the Vegetable Ivory 
Palm (riujtelephafi ma.L-roca rjw). At s, s, 
simple pits tilled with cytoplasm ; in the 
intervening pit membrane are line connect- 
ing threads (jdasinodesrns) ;p?, other threads 
traversing the whole thickness of tlie wall, 
(x 375.) The contents of two opposed 
pits and the connecting threads of the pit 
membrane, (x 1500.) C, the opening of 
a pit and the connecting threads of the 
pit membrario viewed from the surface. 
The smaller circle indicates tln^ canal of the 
pit, while the larger eirch.'! is the pit mem- 
brane; the dark points on the latter are 
the plasmodesms. (x 1500. Aftm- ,S teas- 

BURGER.) 


does not suffice to meet this need, even when assisted by the presence 
of the pits, which have been seen to correspond in the walls separating 
adjoining cells. The cavities of many ceils, especially those which 
serve for transport, therefore become continuous by relatively wide 
openings, so that they form tubular structures or cell EUSIOKB. 
Such openings arise singly or in numbers by a solution of the cell-wall 
substance, especially in the end walls of adjoining cells. 

5. Formation of Intereeliular Spaces and the Ventilation of the 
Tissues. — Usually as the meristematie cells are transformed into 
permanent tissue and the cell walls thicken, the middle lamella splits 
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locally., especially at tke. angles of tlie cells. ,■ .At these points t lie walls 
of neighbouring cells separate and' intercellular spaces ' filled with 
air', arise throughout . the plant (Figs. . 3'8,: -.40 i ), , ; In, accordance witlr 
their mode of origin the smaller intercellular spaces are triangular or 
quadrangular in transYerse sections. They form a comiected system 
of narrow,' branched canals (intercellular system) which traYerse 
the tissues in all directions. From their mode of origin by the 
splitting of cell walls such intercellular spaces are termed schizooenous. 
Unequal growth of the tissues may lead to the complete isolation of 
cells or the formation of larger chambers or passages of more or less 
regular form. Intercellular spaces can also arise by the dissolution 
or breahing down of cells and are then termed lysigenous. Some- 
times spaces, that are in their origin schizogenous, are further enlarged 
lysigenously. Whole regions of the tissue may be stretched and 
broken down by unequal growth. Hollow stems arise in this fashion. 
In tissues which have arisen by a weaving together of filaments 
(Fig. 37) the intercellular spaces are present from the outset. 

Intercellular spaces usually contain air and are of great importance 
for the living cells forming the tissues. A single cell in water or air 
can obtain at any time the gases, especially oxygen, which are essential 
to its life from the surrounding medium. The life of the numerous 
protoplasts in the tissues of a plant requires a supply of oxygen. 
This introduction and circulation of gases in the tissues is carried out 
by the system of intercellular spaces. 

-II. KINDS OF CELLS, TISSUES, AND TISSUE-SYSTEMS ■" 

Only in the lower multicellular plants does the tissue consist of 
equivalent, spherical, polyhedral, and. cylindrical cells (cf. c.g. Fig. 84), 
which are similarly able to perforin all the vital functions. This 
tissue may be termed parenchyma. As the division of labour 
between the protoplasts increases, with increase in size and progressive 
external organisation, cells or groups of cells acquire diversity in 
form, structure, and function. There results in the higher plants a 
segregation of the originally uniform cells into variously constructed 
kinds of cells, connected, it is true, by intermediate forms. Com- 
parative study of the various organs of a plant, or of the higher 
plants, shows that the number of these kinds of cell is limited, and 
that DEFINITE FORMS OF CELLS RECUR IN THEM ALL. 

Similar cells are usually associated in groups which constitute a 
KIND OF TISSUE. These are distinguished by the form, contents, and 
the walls of their constituent cellular elements, and each kind of 
tissue has its special function or functions. More highly organised 
plants are composed of a number of kinds of tissue, but, as in the 
case of kinds of cells, this number is small, since they recur in the 
most diverse plants. It is not uncommon for single cells (idiohlasts) 
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or cell groups of a different structure and content to be found in an 
otherwise uniform type of tissue. 

In the higher plants particular kinds of tissue may occur in 
considerable amount and extend in unbroken connection for a, distance 
or through the whole plant body. These may often include several 
associated kinds of tissue and constitute morphological tissuk 
SYSTEMS. Such compound associations of tissues may be characterised 
structurally and have different main functions. The functions of the 
different kinds of tissue within them tend to compieinent one 
another.' 

In a PHYSIOLOGICAL TissiTB SYSTEM are grouped together all cells that agree in 
their iiiaiii functions, irrespectively of their morphological connection, or of tlieir 
ontogenetic origin. Such physiological systems are thus something quite different 
from morphological tissue systems. 

The tissue systems of the more highly organised plants can be 
divided into two main gx’oups: (1) the metis tematic or formative 
tissues; (2) the mature or permanent tissues. 

A. The Formative Tissues 

These are also termed meristems and consist either of relatively 
small cubical or isodiametric cells, or of prismatic, flattened, or elongated 
cells with thin walls, abundant protoplasm, large nuclei, and few and 
small vacuoles (cf. Fig. 2). The numerous cell divisions that occur in 
their cells is characteristic. These formative tissues, from which the 
permanent tissues are developed, are distinguished according to the 
place and mode of their origin into primary and seconDx\ry 
MERISTEMS. 

1. Primary Meristems. — These arise by the division of the 
germ cell and at first compose the whole embryo. Later they become 
localised at the growing points of the branches and roots (Figs. 102, 
157), where the increase in number of meristematic cells and the 
formation of the rudiments of many lateral organs takes place 
(apical growth). 

One or a number of the cells at the extreme tip> of the growing 
point always remain meristematic, and multiply by growth and 
continued cell division following on this. The meristematic cells thus 
produced, after undergoing further divisions, become gradually trans- 
formed into cells of the permanent tissue. When there is a single 
cell at the tip distinguished by its form and size from the other 
meristematic cells it is called an apical cell (Figs. 100, 10 i, 156); 
when there are a number of cells in one or more layers they are 
spoken of as INITIAL CELLS (Figs. 102, 157). The latter may resemble 
apical cells, but are often more like the other mexTstematic cells. 

A short distance behind the growing point the similar cells of the 
piTmary meristem begin to grow differently and give rise to strands 
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and layers of variously shaped formative cells, vdiicli at first retain 
the general characters of meristematic cells (Figs. 100, 102, 157), 
Iiitercollular spaces, absent in the meristem itself, now arise. At a 
somewhat greater distance from the growing point the characters of 
the various permanent tissues make their appearance and become 
more marked basipetally until the mature structui'e is attained. In 
this process of tissue'difierentiation groups, strands, or kyers of cells 
may retain the meristematic characters and serve as places of origin 
later for a renewed formation of meristematic and mature tissues. 
Their power of division may persist throughout the life of the plant. 

In many Monocotyledons the basal region of the internodes remains 
for a long time meristematic, and serves, in addition to the growing 
point, as a place of production of permanent tissue. In this way the 
intercalary growth of these and other plants is brought about. 

■ 2. Secondary Meristems are derived either from the above- 

mentioned inactive remains of the primary meristem or are newly 
formed from cells of the permanent tissue, which alter their function 
and by new cell divisions are transformed into meristematic cells. 
Their elements resemble those of the primary meristems, but as a rule 
have the form of elongated or Rattened prisms. Such secondary 
meristems, which get the name cambium, give origin to cork and to 
the secondary growth in thickness of woody plants. They form a 
thin layer of prismatic meristematic cells (Figs. 169, 185) parallel to 
the surface of the organ at the outside of the cylinder of wood. In 
the cambium a middle layer of initial cells undergoes continued 
tangential divisions which cut off daughter cells to both the inside 
and outside in the radial direction. These cells after some further 
divisions are transformed into cells of the permanent tissues. 

The new cell walls arising in the cell divisions of a meristem are flat and as a 
rule, though not without exception, placed at right angles to the pre-existing 
older walls. Walls more or less parallel to the surface of the organ are termed 
PERICLINAL, and those at right angles to this anticlinal. 

B. The Permanent Tissues ' 

The cells of the permanent tissues differ from the meristematic 
cells in being as a rule larger, with relatively little protoplasm and 
large vacuoles, and sometimes completely dead. Cell divisions are 
not usually taking place in them, and the cell walls are variously 
thickened and often chemically altered. The permanent tissue is 
composed of a variety of kinds of cells and tissues with diverse 
functions. It is usually provided with intercellular spaces. 

In develo] 3 ing from the meristem the cells of the permanent tissue 
enlarge, separate at places from one another, undergo thickening and 
chemical alterations of their walls, modify or lose their cell contents, 
and sometimes fuse by dissolution of the partition walk enlarging 



48 


BOTANY 


TATiT 'I 


or elongating tlie cells may behave independently (Fig. 174), so that 
the ends of some which elongate greatly push past, or in between, other 
cells (sliding growth) 

The permanent tissues may be classified in various ways. Thus 
according to their origin primary and secondary permanent tissues 
may be distinguished arising from the corresponding meristems. 

A morphologically useful division of the peiTnanent tissues is 
obtained when all the differences of the component cells arc taken 
into consideration together. 

It was formerly usual to take the dimensions of the cells into special considera- 
tion, and on this ground parenchyma and prosenohyma were distiiignished. By 
parenchyma was understood a tissue the cells of which were isodiametric oi-, if 
elongated in one direction, were separated b}" transverse walls, rrosencliynni was a 
tissue the elongated cells of which were sjundle -shaped and poiiited at both ends, 
which fitted between those of the associated cells. These two groups do not, ho\vever, 
suffice to give a survey of the variety of kinds of tissues, and the underlying 
conceptions are out of date, especially in the case of parenchyma. 

On examining the tissues of the higher plants comparatively there 
is found in the first place a tissue which, like that composing the 
lowest malticellular plants, consists of cells with living contents 
and thin cellulose walls, and is capable of performing a diversity of 
functions ; this will be termed parenchyma. Other ^tissues may 
be sharply distinguished from this parenchyma by peculiarities of 
structure and special functions. The most striking tissues in the light 
of their main functions are the BOUNDARY tissue, the mechanical 
TISSUE, and the CONDUCTING TISSUE. The parenchymatous SYSTEM, 
the EPIDERMAL SYSTEM, the MECHANICAL SYSTEM, and the CONDUCTING- 
SYSTEM correspond on the whole to these tissues. In addition the 
SECRETORY TISSUE and GLANDULAR TISSUE may be recognised. 

The permanent tissues are frequently divided into epidermis, vascular ’bundles, 
and ground tissue. 

1. Papenehyma. Parenehymatous System. — The parenchyma 
cell is characteristic of this type of tissue, the relative primitiv’-en.ess of 
which has been referred to above (cf. j). 45). It may be isodiametric 
or elongated and of various shapes, and possesses the following fiubher 
characters (cf. Figs. 3 9, 40, 41). The cell wall, which as a 

rule consists of cellulose, is only moderately thickened and provided 
with simple round or elliptical pits ; it thus facilitates the diffiision of 
substances from cell to cell. Living protoplasm is usually present, 
and the large vacuole may contain a considerable amount of nutritive 
material. The chromatophores, which . have the form of chloroplasts 
or leueoplasts, often contain starch. Parenchyma is usually travei’sed 
by a ventilating system of intercellular spaces. Parenchyma may 
form part, of other primary or secondary tissues and serves a 
variety of functions; The most important vital processes of the 
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full-grown plant take place in it, suoli as tlie preparation, concfuction, 
and storage of nutritive materials, water storage, and the process 
of respiration. The presence of abundant cell sap contributes to the 
maintenance of the general rigidity of the plant body. The structural 
difFererices between parenchyma cells are relatively slight when the 
multiplicity of functions they perform are considered. When the 
cells have numerous chloroplasts they are spoken of as ASSIMILATOEY 
PARENCHYMA (Fig. 8) in reference to their main function of forming 
organic substance from carbon - dioxide. The parenchyma of the 
siibaerial parts of plants is often of this nature so far in as light can 
penetrate, while the deeper tissues are colourless. The term storage 
TISSUE (Figs. 23 A, 24) is applied when these cells are rich iir 
organic contents such as sugar, starch, fatty oils or proteids, or have 
hemicelluloses accumulated in the thickened walls (Fig. 39) ; these 
substances are stored against future use in the metabolism. Water- 
storage PARENCHYMA as a rule consists of large thin- walled cells with 
little protoplasm but abundant cell sap that is somewhat mucilaginous; 
these cells dimmish in size on losing water. Conduction of organic 
food-materials, especially of carbohydrates, takes place in parenchy- 
matous cells, which are elongated in the main direction of transpox't 
to facilitate this function. Such , conducting parenchyma often 
forms a sheath, without intercellular spaces, around other masses of 
tissue. Parenchyma which has large intercellular spaces, serving for 
ventilation or the storage of gases, is termed aerenchyma. 

2. Boundary Tissues. — In the case of the multicellular tissues 
composing the bodies of land plants the whole body or particular 
tissues may require protection against excessive loss of water, 
mechanical injury, excessive heat and frequently against the loss 
of diffusible substances. This function 
is carried out by cells which have cer- 
tain peculiarities of structure and are 
often arranged in sheathing, layers. 

In this way another group of tissues 
can be distinguished, the main elements 
of which are the epidermal cells and 
the suberised or cork cells. The epi- 
dermis together with some other types 
of cell form the epidermal system. 

(a) Epidermal System. 1. Epi- 
dermis, — This is derived from the 
superficial layer of the primary meri- 
stem (the dermatogen, cf. p. 86) and 
is thus one of the primary permanent tissues. It encloses the 
plant body as a protective investment while permitting exchange 
of materials with the environment The epidermis is typically a 
single layer (Fig. 45 B) of tabular or more elongated living cells, 



Pig. 43.— Snrfaco view of the epidermis 
from the upper side of u .leaf of Mcrcttri” 
idispereyinis. (x300. AflerH. ScmsNCK.) 
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withoiit intercellular spaces them. The lateral wails are 

often undulated or toothed, which increases the firmness of the union 
of the cells. In transverse section the cells are of uniform depth and 
are rectangular or lens-shaped. The protoplasts of the epidermal cells 
are commonly reduced to thin layers lining the walls and enclosing 
large vacuoles filled with colourless or coloured cell sap. The 
epidermis of the parts exposed to light in most Ferns and in many 
shade-loving Phanerogams is provided with chlorophyll and takes 
"part in assimilation. With progressive division of labour, however, 
chlorophyll is absent from the epidermis, which then serves merely to 
protect the more internal tissues especially against desiccation. 

The outer walls of the epidermal ceils of all suhacrial parts of 
the plant, which last for a considerable time, are thickened. In this 



Fig. 44.-— Transverse section of a node of the sugar-cane, Sacclmritm ojlcinanmi, showing 
wax incrustation in the form of small rods, (x 540. After Stuabhukorr.) 

respect they contrast with the epidermal cells of the more fugitive 
petals and of submerged and subterranean parts. This holds es})ecial]y 
for roots in which the epidermis has very different functions, such as 
the absorption of water and salts. The thickening of the outer walls 
results from the apposition of cellulose layers, the outer of which 
usually, but not always, become more or less strongly cutinised 
(Fig. 190). 

The outer walls of the epidermis, whether thickened or not, except 
in the case of those forming the surface of subterranean organs and 
especially roots, are covered by a thin continuous cutinised film called 
the CUTICLE. This is formed on the primary walls of the epidermal 
cells. The cuticle is often somewhat folded and in surface view appears 
striated. The cuticle and the cutinised layers of the wall are only with 
difficulty permeable to water and gases, and prevent the injurious loss of 
water by evaporation. The thickening also increases the mechanical 
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rigidity of tlie' celk; ''■Oti- the otlier band, the ab.seiice of 
cuticle from the r€>ot ,facilitates'' the absorption of water and salts from 
the soil. , Tdeposits.of wax. are also.preseiit in the ciitiiiised layers of the 
epidermis, .and consequently water -wi,!! flow off the epidermis without 
wetting it The wm-x is sometimes spread over the surface of the 
cuticle as a wax covering. This is the case in most fruits, wliere, 
as is so noticeable on plums, it forms the so-called blooim The 
wax coverings may consist of grains, small rods (Fig. 44), or crusts, 
soluble in ether or hot alcohol. 

The ei')iclermi.s may not onlj^ protect the more internal tissues from loss of water 
by hindering evaporation, ])ut also by serving as a place of storage of water. The 
imthickened lateral walls of these cells become folded as the water is witlalrawii 



Fig. 45.— Epidermis from the under side of a leaf of TracUscantia virginica. A, In surface view. 

B, in transverse section ; I, colourless rudiments of chromatopliores surrounding the nucleus. 

(X 240. After Strasbitroer.) 

from the cavity and stretch wdien the cell becomes again filled. Such an epidermis 
is frequently also composed of several layers of cells. 

The mechanical strength of the outer walls of epidermal cells is increased in 
some plants by the deposition of calcium carbonate or of silicic acid. In the ease 
of Equisctimi the siiicificat'ion is so great that the tissues arc used in polishing tin- 
ware. The pericarp of the Grass,' Coix laclirima^ is almost as hard as the o])al. 

The epidermis of fruits, and particularly of seeds, exhibits a considerable variety 
of modifications in its mode of thickening and in the relations the thickening 
layers bear to one another. The purpose of these modifications in the cpiderniis 
becomes at once evident when it is taken into consideration that, in addition to 
protecting and enclosing the internal parts, the epidermis lias often to provide for 
the dissemination and permanent lodgment of the fruits and seeds. 

Among the ordinary cells of the epidermis there occur as a rule 
stomata and hairs which are especially characteristic of this tissue. 

2. Stomatal apparatus (^^). — The presence of stomata in the 
epidermis is characteristic of most parts of the more highly organised, 
plants that are exposed to the air. Plach stoma is an intercellular 
passage or pore bounded by a pair of curved, elliptical or half-moon- 
shaped cells called guard gulls. The pore and giia,rd cells together 
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constitute the STOMATAL apparatus (Figs. 45 A, 4G), The largest 
stomata are found in grasses ; thus in the wheat th(3y measure 0‘07l) 
mm. in length by 0*039 mm. in breadth, while the pore itself is 
0*038 mm. by 0*007 mm. 

The PORE interrupts the continuity of the epidermis. It is an 
air-filled intercellular space opening below the epidermis into a large 

intercellular space {Fig. 
45 If), which is spoken of 
as the respiratory ca'vity 
although it has nothing to 
do wdth respii\atio,n. This 
cavity is in communication 
with the intercellular spaces 
of the parenchyma. The 
stomata are of great im- 
portance to the plant, for 
they place the system of 
intercellular spaces, which 
serves to ventilate the 
tissues, in communication 
with the external atmo- 
sphere. This connection is 
necessary on account of the difiiculty with which gases pass across the 
epidermis in order to renew the air in the intercellular spaces, and 
especially to replace the carbon-dioxide as this is used up. On the 
other hand, oxygen, which forms a considerable proportion of the air, 
can usually penetrate into the plant in sufficient quantity through 
the cuticle and the epidermal cells. 

The GUARD CELLS always contain chlorophyll and are character- 
ised both by their shape and the manner in which their w^alls are 
thickened. This is best shown in transverse sections (F^gs. 45 B, 
47 B). There are usually an upper and a lower thickened band 
on the side of the guard cell which faces the pore, the portion 
of the wall between and the rest of the wsll of the guard cell being 
relatively thin (Fig. 45 B). This structure stands in relation to the 
changes in form of the guard cells by means of whicli the size of the 
pore is varied. The pore is closed by a diminution of the curvature of 
the guard cells when there is danger of too great escape ofmoisture ; 
while it is widely opened by increase in the volume of the guard cells 
and consequently of their curvature at other times. The stomata 
regulate the gaseous exchange, and the transpiration. 

As tlie transverse section in Fig. 45 B sliows, tlie tliiclceiiing ridges project both 
above and below 'the pore. ' There is thus -an anterior cham])er and a posterior 
chamber in relation to the narrow region of the actual passage. The thickened 
outer walls of the epidemal cells immediately adjoining the guard cells often 
have a thinner portion which acts as a kind of hinge and enables the changes 
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ill slj.;i..pe of the ^^iiard cells to he effected without hiiidraiico from tl'C 6iir."utni<lih-* 
cells (ch Fig. 47 B), The guard cells, as is seen iu Fig. 45^, are siirioiiiificd 
hy special cells called subsidiary cells : these may )>e less tbickerual or sbaJimver 
than tlie other epidenrinj cells. 

Diilerciices are found in the const motion of tlie guard cells and in tin-; 
mtiediaiiisin of opening and closure of the stoma.- which depends this. Two main 
types of stoma may bo distin- .. 

giiished but they are connected hy Jl A 

intermediate forms. In the first ^ I v;\ 

tlie change iu form of the guard .y ft. [ .-3 \ 

cells takes place mainly in the ff-j ff i!\ m\ H U 

tangential direction, itarallel to I j If \\ 1 | fj ; fW ; \\ 

the epidermal snrhice ; in the ! 1 11 j, jl ’ 1! j i 1 

second in the radial direction at \\ | !; fj ;/ jj j J j 

right angles to the surface. Type M M ! 1! J 

L — According to the form of the ^ Y ju \\ ’ L|J 11 

guard cells the pore is opened in ^ n \ // 

various ways, (a) The tyxje of Jl M 

the Amaryllidaceae (Fig. 47) is 

found in the ‘majority of Mono- /^4\ /y \ ' ^ li 

cotyledons and Dicotyledons, f 

The dorsal w\ali of each guard cell , V y/ I 

(Fig. 47 B) is un thickened, while ^ B "'^***'’*'*'*^ 

the ventral wall (towards the 

. . , T 1 n 4T. Fm. 4S. 

p>ore) IS tlnckened and usually 

shows the upper and lower ^ 

thickening bands. When the 

cell becoiiies turgid the thin j ^ \ { 

dorsal wall is more stretclied than j I jVil/ ll j I 

the thickened wall, and the cell, V Jr \\ J ^ 

which in the flaccid condition urrrrr::^ 

was almost straight, becomes \\ j j 

curved in the tangential plane i I If 

to a semilunar shape. (&) The Fun 40. 

type of the Gramineae (Fig. 48) pioy. 47-40,— Types of 8tomatal Apparatus. The thick 
is met with in the Gramineae and Hues indicate the form of the guard cells in the open 

Cyperaceae. The guard cells are condition, the thin lines wlien the .stoma is clo.sed. 

1 1 ,.,, Fig. 47.— Type of the Amaryllidaceae, -^1, Siuface view, 

dumb-bell-shapod ; Uie Mdeued i„ transverae sectiou. 

ends being thin- walled, while the 48.— Type of the Gramineae with the two subsidiary 

narrower middle region has both cells. A, Surface view. B, Transver.se section, 
the outer and inner walls Strongly Fig. 49.-M7aM»i-type in transvense section, (After 
thickened (lig. 48 B). When HAi.ERLiu»w.) Further description in the tat. 

the turgor increases the stiff 

middle portion of the guard cells are separated from one another by the expansion 
of the oval thin-w^alled ends of the cells. Type IL— if?iW/?£-type (Fig. 49) is 
found in some Mosses and Ferns. In this the ventral walls of the guard cells 
are thin while the dorsal walls are thickened. ' When the turgor of the guard cell 
incMases, the outer and inner walls are sejiarated from one another, thus lessening 
tliP^rojection inwards of the ventral wall and opening the pore. The jjosition 
of tlie dorsal wall remains nnchanged. 

The stomata are formed by the. division of a young epidermal ceil into two cells 
of unequal size, one of which, tte smaller and more abundantly supxilied with 
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protoplasm, becomes the stoma mother cell ; while the larger, containing less 
protoplasm, usually forms an ordinary ephdemial cell. The stoma mother cell 
becomes elliptical in outline and divides again, by a vertical wall, into the two 
guard cells, between which, by a splitting of the wall, the in tercel Mar passage 
(pore) is formed. Before the formation of the definite stoma mother cell, succes- 
sive divisions of the young epidermal cell often occur ; in such cases the liiially 
developed stoma is generally surrounded by subsidiary cells. 


3. Hairs. — The epidermis of almost all plants bears hairs 
(trichomes). They are sometimes unicellular structures and form 

papillate (Fig. 50), tubular (Fig. 
51), or pointed (Figs. 52, 55, 56 
to the left) protrusions of the 
epidermal cells. In other cases 
they ai-e multicellular and form 
cell rows (Fig. 5), stalked or 
unstalked cell surfaces (scale- 
Fio. 50.— Surface of the upper epidermis of a petal hairs, Fig. 54) which may re- 
of Viola tricolor, showing ridge-like infoldings scmble small leaVCS aS ill the 

5 «“ ?£Z!«T“”' »' *’«"“• " ““ 

The multicellular trichomes are 
also developed from young epidermal cells, and, indeed, usually 
proceed from a single initial cell of the hair by its growth and 
subdivision. Unicellular and multicellular hairs may further be 
unbranched or branched (Pig. 53, stellate hairs). Their walls may be 





Fio, 51 .— Epidermis of the root in longitudinal section showing root-hairs (U) 
and their origin (A), (After Rothert, semi-diagrammatic.) 


thin and delicate or strongly thickened and frequently calcified or 
impregnated with silica, and sharply pointed at the tip (bristles, Fig. 
55, right). The protoplasts may remain alive and resemble those of 
the epidermal cells,, or may die. In the latter case the cavity often 
becomes filled with air and the hair appears white, or it may be 
laterally compressed as in the case of the long hairs of the cotton -seed 
(Fig. 52) from which the cotton of commerce is obtained. The basal 
portion of the hair in the epidermis may be distinguished from the 
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freely projecting body of tRe Lair. cells around the 

base are often aiTanged in a ring or ra on all sides, and may 
be called the subsidiary cells of the hair. The HTi>;uLNa iLViins 
(Fig. 55), such as those of Nettles ( LTsJica) and of the Loasaceae, arc 
special forms of bristles. 

They arise from single epidermal cells which swell in tlie course of their 
development, and becoming surrounded by adjoining epidermal cells present the 



Fig. 52.— Seed -hairs of the cotton, Gossi/piim her- 
baceiirn. A, Part of seed-coat witli hairs (x 8). 
Bi, Insertion and lower part, Bo, middle part, and 
J 5 . 5 , upper part, of a hair, (x 300. After Stras- 

BURGEE.) 


appearance of being set in sockets ; 
while, at the same time, hy the multi- 
plication of tlm cells in the tissue at 
their base, the wlinle hair becoines 
elevated on a colimin-likc protuber- 
ance. The hair tapers towards tlie 
apex and terminat<?s, somewhat 
obliquely, in a small head, just 
below which the wall of the hair 
remains iinthickened. As the wall 
of the hair is silicified at tli.e end and 
calcified for the rest of its length, 
the whole hair is extremely stiff. 
The heads break off at the slightest 



Fig, 53.— Stellate hair in surface view from the 
lower epidermis of the leaf of MattMola 
annua, (X 00. After Strasburgee.) 


touch, and the hairs piercing the skin pioiir out their poisonous contents, which, 
especially in the case of some tropical nettles, may cause severe inflammation. 
According to G. HABEnLAHUT this is due to the presence of a toxin of albu- 
minous nature. 

Hairs have thus various forms and perform very different functions. 
They frequently contribute to tbe protection afforded by the epidermis, 
forming a covering to full - grown parts of the plant and very 
frequently to the young parts in the bud or expanding from this. 
Such coverings, which may be composed of dead woolly hairs, serve 
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Certain liairs with abundant protoplasm and peculiar structure servo to receive 
mechanical stimuli according to G. Habeiilandi- They occur on stamens, 

petals, and the joints of leaves, and are known as tactile ipapillac, hairs, or bristles. 

4. Emergences, unlike hairs, are not formed solely by epidermal 
cells, but a number of cells, lying more or less deeply in the sub- 
epidermal tissues, also take part in their formation. They are some- 
times glandular, and in other cases 
AiiKllWVlIl f^j serve as organs of attachment. 

Thus, for example, only a few rows 
sub -epidermal cells enter into the 
1 formation of the emergences (Rig. 56) on 


-Scale-liair from the lower side of the leaf of Shexilierdia canadensis. 
B, Longitudinal section. ( x 240. After Strasbtjrger.) 


the margins of the stipules of the Pansy (Viola tricolor), which are glandular. 
Deeper-lying tissue takes part in the construction of the anchor-shaped attaching 
organs, over 1 mm. long, which clothe the fruit of the Houndstongue (C' 2 /jio(y?os«M«i) 
and lead, to its dispersal by means of animals. The prickles of the Eose or 
Bramble are still larger emergences that are of assistance in climbing. 

(h) Boundary Tissue formed of Corky Cells. — ^In many cases, 
and especially 'when the epidermis does not remain alive and 
functional during the life of the organ which it covers, the tissues 
of the body become limited and protected even more efficiently by 
suberised cells. Such cells also in the foi-m of latmrs or sheaths serve 
to bound and delimit certain living masses of tissue from others within 
the plant body. Their origin may be primary or secondary. The 
suberisation is brought about by suberised lamellae being deposited 
on the pre-existing wall, while other layers of the waif frequently 
become lignified. .Three kinds of suberised boundary tissues can be 
recognised: (1) The cutjs tissue; (2) the endodermis ; (3) the cork. :: 
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(1) The Cutis Tissue is a primaiy perniaiient tissue and arises bj 
the early suberisation of cells of the epidermis or of ihhmcr or 
thicker layers of parenchyma from which iutercelliilur s[)aees a.re 
frequently absent. A tissue of the latter kind not uncommonly 
sheathes the outside of older parts of the plant (e.g, roots. Fig. 159 e:f’) 
or delimits strands of tissue within the plant from the surrounding 
j,. tissue. The cells of. this cutis tissue 

I usually retain their living contents. 

I In place of suberisation the introduction 

m of ciitin or other substances that are imper- 
il fectly known cheniicallj^ may render the mem- 

I II branes less permeable to water, 

g ( 2 ) Endodermis..' — This tissue is 

U formed of the endodermal cells 

M It very frequently encloses and bounds, 


Fig. 55. — Stinging hair of UHica 
cUoica, with a x>ortion of the epi- 
clennis, and, to the right, a small 
bristle, (x 00. J^fterSTEASBUBGEu.) 


Fig, 56,— Glandular colleter from a stipule of 
Viola tricolor, showing also to the left a uni- 
cellular hair. ( x 240. After STa.‘VSP.UEGEU.) 


as a sheath, a single layer of cells in thickness, living tissues within 
the plant, but it may also form a limiting layer on the outside. Its 
origin is sometimes primary and sometimes secondary. The elongated 
prismatic living cells of the endodermis- have no intercellular spaces 
bet-ween them, "When young the walls are not suherised, but agiarrow 
strip of the membrane, in the form of a band running completely 
round the cell, has undergone a peculiar change by the intrpduction 
of an imperfectly, known (? cork-like) substance (Caspary’s band. 
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Fig. 57 A). This hand gives the appearance of a dark dot or a dark 
lens-shaped body, Fig. 57 jS, Fig. 161 ’^^"^sverse sections/ wh^ 
it appears as an undulated band in radial longitudinal 
section. In older endodermal cells, as in the cells of 
the cutis, a secondary layer of corky substance is 
deposited all over the wall, and thick tertiary layers 
of carbohydrate material that often become strongly 
lignified may follow on this. 

In Alie;cutls> tissue, 
this is a single layer, and 
in the eiidodermis isolated 
cells, characterised by their 
shape and by tlieir walls 
not being corky, frequently 
occur. These are known as 
transfusion cells. 


A 



Fig. 57. — A, Diagrammatic representation of a single endo- 
dermal cell in the solid showing Caspary^s band on the 
radial walls. B, Endodermis in transverse section ; Gas- 
pary*s band appears as the dark lenticular regions of the 
radial walls. 


{3)Copk.— While the 
epidermis and the cutis 
tissue are always primary 
permanent tissues the 
cork is always a secondary tissue, and is developed from a secondary 
meristem known as the CORK cambium. The cork forms either a 
thin peripheral layer a number of cells thick which is smooth and 
of a grey colour, or thicker fissured coverings of cork composed of 
radial rows of cells (Figs. 58, 59). It forms where the epidermis 
has been thrown off, or where living parenchyma has been exposed by 
wounds. The cork cells usually contain air and are brown, owing to 
the dead cell contents. ' They have a flattened prismatic form and are 
extended tangentially, fitting together without intercellular spaces. 
The secondary layers of the wall are suberised, while the middle 
lamella is often lignified. Tertiary thickening layers are either 
wanting or consist of cellulose forming the so-called cellulose layer 
which may sometimes become lignified. Even a thin layer of cork 
a few cells deep (Pig. 59) greatly diminishes the transpiration from 
the surface of any part of the plant, and, as will readily bo under- 
stood, much more than the epidermis does. Thicker zones of cork 
also prevent the entry of parasites. Since cork is a poor conductor 
of heat it also protects the plant against over-heating. 

Many old stems, tubers, bud scales, and fruits are covered with a layer of cork ; 
thus the skin of a potato is of this nature. Bottle-cork is obtained from the 
Cork Oak. 

The mature cells of cork are very rarely pitted, and either remain relatively 
thin (Fig. 58) or are more or less strongly thickened (Figs. 59, 185 p). Strongly 
thickened cork cells form what is known as stone cokk. The cells of cork, may be 
completely filled with dead contents (Fig. 59) which have usually a brown colour. 

Frequently layers of suberised and unsuberised cells alternate in a corky tissue. 
The latter cells, which do not differ greatly from the cork cells in structure and 
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coiiteBts and may be tliin- 'or' tliick-wa^^ in tbe same way and are. called 

PHJILLOID TissiTE^ Tile BABiv, wMcli IS nietwitli. on still older slems as the 
lini it ing tissiie 5 consists of tissues of still more varied structure (cf. p. 

LENTiCBiLS.—The formation of a cdyering of cork ’without intei*- 
cellular spaces in place of the epidermis would prevent gaseous 



B’ig. 58.— Transverse section of 
bottle-cork, (x 120.) 





B’lo. 69. — Transverse section of the cork layt.-r 
of a Lime twig. The cell walls are left 
-white, while the dead cfjiitents are dotted. 
(X 120.) 


exchange between the interior of the stem and the atmosphere were 
the stomata not replaced in some way. This is effected in some 
plants {e.g, species of Clematis, Fitis, Lonicera) by porous cork, in 



l, coTiipIeinentary cells ; pi, phellogen of the lenticel ; pd, phellodem, (x 90. After Stjiasburgjsr, ) 

which small circumscribed oval or circxrlar areas consist of somewhat 
smaller suberised cells with intercellular spaces between them. Usually, 
however, lenticels are present, rough porous ivarts elongated or 
spindle-shaped in outline which are readily seen by the naked eye 
on the cork of most trees. They consist of dead unsuberised tissue 
rich in intercellular' spaces (complementary tissue) interrupting 
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the layer of cork (Fig. 60). The intercellular spaces open on the one 
.hand to the atmosphere, and on the other are in communication with 
the ventilating system of the underlying living tissues. 

The Icnticels frequently form l3eneath stomata and at an early stage in the 
development of the cork. The cork cambium which appears beneath the stoma has 
radially-running intercellular spaces between its cells (Fig. 60 yvQ, and forms to the 
outside complementary cells separated by intercellular spaces (Fig. 60 1). The 
leiitioel soon breaks through the epidermis. Alternating with the complementary 
tissue the cork cambium in the lenticels forms layers of more closely-connected 
siiherised and lignificd cells (intermediate hands or closing layers). These are 
developed to close the lenticel during the winter and are again ruptured in the 
spring. 

S. The Mechanical Tissue System (^^). — Without a certain amount 
of rigidity the definite form which is essential to the performance of 
their functions in most plants would be inconceivable. In isolated 
cells and in growing tissues this rigidity is attained by turgor (cf. p. 225) 
and tissue tensions (ci p. 286). Since, however, turgor and tissue 
tensions are destroyed by any great loss of watei’, leading to the 
wilting of the plant, they do not alone confer the necessary rigidity 
upon plants. We therefore find special tissues, known as the 
STEREOME, which have a purely mechanical function. These tissues 
are the solerenchyma and collenghyma. 

How great are the demands made upon the stability of plants will be at once 
ap^parent from a consideration of a Rye haulm ; although it is composed of hundreds 
of thousands of small chambers or cells, and has a height of 1500 mm,, it is at its 
base scarcely 3 mm. in diameter. The thin stems of reeds reach a height of 
3000 mm, with a base of only 15 mm. diameter. The height of the reed exceeds 
by two hundred times, and that of the Rye haulm by five hundred times, the 
diameter of the base. In addition, moreover, to the great disproportion betw^een 
the height and diameter of plants, they often support a heavy weight at the 
summit ; the Rye straw must sustain the burden of its ear of grain, the slender 
Palm the heavy and wind-swayed leaves (which in species of Raphia have a length 
of 15 m. and a corresponding breadth), while at times the weight of the hunches 
of fruit has also to he considered. 

In plants, however, the rigid immobility of a building is not required, and they 
■possess instead a wonderful degree of elasticity. The Rye straw bends before 
the wind, but only to return to its original position when the force of the wind 
has been expended. The mechanical equipment of plant bodies is peculiar to 
themselves, but perfectly adapted to their needs. The firm but at the same time 
elastic material which plants produce is put to the most varied uses by mankind ; 
the wood forms an easily worked yet sufficiently durable building material, and 
the hast fibres are used in the manufacture of thread and cordage and textile 
fabrics (e.y. linen). 

(a) Selereneliyma. — This is the typical mechanical tissue of fully- 
grown parts of the plant and is formed of solerenchyma cells 
(stone cells) or SOLERENCHYMA fibres (‘‘bast fibres'’). Both when 
mature are as a rule dead cells with strongly thickened walls consisting 
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of lamellae of carbohydrate material, whicli m often li^aiiified. I1ie 
selerencliymatous cells or stone cells (Fig. 30) are more or hiSs 
isodiametric and polyhedral and have round, branched, or ?ni]nancliedi 
pits. The selerencliymatous fibres (Fig. 61), on the other hand, are 
narrow, elongated, spindle-shaped cells with pointed ends, polygonal 
in transverse section (Fig. 62). They have obliquely-placed, narrow, 
elliptical pits. In their development sliding growth 
frequently occurs and they only mature in fully- 
grown parts of the plant. These elements may 
occur singly, but usually, especially in the case of 
the fibres, they are closely associated in strands, 
bands, rings, or sheaths, variously arranged so as to 
ensure the requisite rigidity of the organ against 
bending, tension, or pressure urhile employing the 
least mechanical tissue. 

The firm tliick walls of sclerenchyraatous cells and fibres 
are not infrequently further hardened by deposits of mineral 
substances. The resistance which the^e forms of tissue offer 
when the attempt is made to cut, tear, or break them affords 
sufficient evidence of their hardness, tenacity, and rigidity. 

Sclerenchyniatous fibres hav^e always a length which for a 
plant cell Is considerable, on the average 1-2 mm. In some 
plants they are much longer, e.g. 20-40 mm. in Flax, to 77 
mm. in the Stinging Hettle, and in Boehmeria even 220 
ram. Such long fibres are of economic importance in the 
manufacture of textile fabrics. The long pointed ends render 
the cormection of the fibres more intimate than is the case for 
the cells of other tissues. 

ScHWENBENEii has been able to determine their mechanical 
value by means of exact physical experiments and investi- 
gations. According to such e.stimates, the sustaining strength 
of selerencliymatous fibres is, within the limits of their 
elasticity, in general equal to the best wrought iron or 

hammered steel, while at the same time their extensibility .seien*n- 

is ten or fifteen times as great as that of iron. It is true chyrnatons ubrc). (x 

that soon after exceeding its limit of elasticity the steroome about lOO. After 

of the plant becomes ruptured, while the limit of rigidity STKASBuimiiR.) 
for iron is not reached until the load is increased threefold. 

It is, however, of value for the needs of the plant that its limit of elasticity extends 
almost to the limit of its rigidity. 

(b) Collenehyma. — The sclerenchyma corresponds to the bony 
skeleton of the animal body. Its elements are no longer in a condition 
which allows of growth, and it cannot be employed in parts of the 
plant which are still actively elongating. Where such parts of the 
plant require special strengthening in addition to that given by the 
tensions of cells and tissues, this is obtained by means of collenehyma. 

The collenchymatous cells may be isodiametric but are usually 
elongated; they have transverse end walls (Fig. 64) or are pointed. 
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They resemble the cells of the parenchymo, in being living cellsj but 
differ in the unequal thickening of their cellulose walls. This is 
localised at the angles (angle colienchyma, Eig. (33) or on the 
tangential walls (surface colienchyma). Non-living inclusions, other 
than the large vacuole, are wanting in them. Intercellular spaces are 
absent or are very small. In spite of its high water- content 
colienchyma possesses a considerable rigidity 
against tearing owing to the thickening of the ipS 

walls of its component elements. It at the same j \ 

time allows and takes part in the growth of the gf I 

organ, and may be regarded as the cartilaginous ^ I 

tissue of the plant. The distribution of the i 

colienchyma is in relation to its mechanical || \ 

functions. The extensive un thickened regions of i|| t 

the cell walls, which are further provided with || 1 

round or elliptical pits, enable materials to be BM I 

rapidly transported within this tissue. ig I 

4 The Conducting Tissues. — As the body of || I 


Fig. 02. — Transverse section 
of tlie sclerenchyma in 
the leaf of Phofmimn 
temx. (X 240.) 


1 . 63.— Transverse section of the 
eoilenchyraa of GiicnrMfu, Pepo. 
(X 240.) 


Fig. G4. — A eollencliyina- 
tous cell seen from the 
side. (X 240.) 


a plant becomes larger and composed of more numerous cells, and 
especially as more parts of it project from the soil or water into 
the air, the need of rapid conduction of substances from one organ 
to another {e.g, from leaves to roots and conversely) increases. The 
movement of diffusion through the cross walls even of elongated 
parenchymatous cells does not Suffice, though facilitated by the 
presence of pits in the wall and the complete suppression of inter- 
cellular spaces. iSpecial conducting tissues have therefore arisen, the 
characteristically constructed, elements of which are usually elongated 
in the main direction of conduction, frequently present enlarged 
surfaces for diffusion, and are further as a rule united to form con- 
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tinuous conducting channels, vSiich tissues are ahvajs associated in a 
connected system traversing the whole plant. 

(a) Sieve-Tubes,- — The elements composing the srE\'E’Ti:B.ES 
are arranged ill longitudinal rows and connected by open pores which 
appear to serve for the transport of proteids and carbohydrates. The 
transverse or oblique ends, and sometimes the lateral walls, have sieve- 
like perforated regions the pores of which are filled wdth thick 
protoplasmic strands. These are called the sieve-plates (Fig. 65 
A, B). In many plants the Cucumber, Fig. 65 A) the entire 
transverse wail forms one area perforated by relatively coarse pores. 



Pig. 05.~-Part.s of sieve-tubes of Oiiimrhita Pepo, lianbnied in alcoliol. A, Surface view of a sieve- 
plate. B, C, Tjongitudinal sections, showing segments of sieve-tubes, i), Contents of two sieve- 
tube segments, after treatment with sulphuric acid, s, Companion cells ; u, mucilaginous 
contents ; pr, peripheral cytoplasm ; c, callus plate ; small, lateral sieve-plate with callus. 
( X 540, After Strasburoer.) 

On the longitudinal walls the sieve-plates have the form of narrowly 
circumscribed circular areas with much finer pores (Fig. 65 G, c"') where 
two sieve -tubes adjoin lateralljL In other cases several finely- 
perforated areas (sieve-plates or sieve-pits) are found on the oblique 
end wall of a sieve-tube (Fig. 66). The elements of a sieve-tube 
(Fig. 65), each of which corresponds to a cell, contain a thin living 
protoplasmic layer lining the wall,, with a single nucleus, leuco- 
plasts, and often starch grains. This encloses a watery, alkaline, 
more or less concentrated, and coagulahle cell sap which is rich in 
albuminous substances and frequently in carbohydrates and inorganic 
salts (phosphates). The walls of , 'sieve- tubes are almost always 
unlignified ; they consist of cellulose ^ and are elastically stretched by 
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their contents. As a rule they remain functional during one vegetative 
period onlj^ Before passing into the inactive condition their sieve- 
plates become covered by highly refractive plates of CAI.LUS (Fig. 65 C\ 
which diminishes or prevents the exchange of materials between the 
members of the sieve-tube. If the sieve-tube resumes its function 
in the succeeding vegetative period this callus is again dissolved. 

The callus plates consist of oallose, a substance the chemical composition of 
which is still unknown ; this is characterised by its insolubility in ammonia- 
oxide of copper and its solubility in cold 1 % solution of potash. It is coloured 

reddish-brown by chior-zino-iodide, 
a shining blue with aniline blue, and 
shining red with corallin (rosolic 
acid). 

(b) Vessels.— Special; ^ 
ultimately dead, cells, which 
are tube-like with a circular or 
polygonal cross-section and are 
elongated and arranged in loiigi- 
tudinal rows in the main direc- 
tion of conduction, serve for the 
conduction and storage of water 
in the plant. The lignified walls 
of these vessels have striking 
and characteristic th ickening. 
So long as they are functional 

Fi«. Junction of two dements of n sieve- and 

tube of nits tlio oblique wall being shown otteil also a limited amount of 

in section, (x 600. After de bary.) i5, A similar ^ir. They are distinguished as 

wall in surface view showing the sieve-pits. (Dia- . TPAPTTWAl.^ 

grammatised by Rothert after Be Bary.) IKAOHhlUJtb ailCl litAOlih.A h. 

The tracheides are single cells 
with pointed ends, and are as a rule of narrow diameter. Their walls 
bear peculiar pits (Fig. 70 B). These elements frequently serve as 
mechanical tissue, as in the stems of Coniferae. The tracheae, on the 
other hand, are wider or narrower tubes, formed from a number of 
cells by the disappearance of their end walls. When the latter are 
transversely placed they are completely dissolved, leaving only a 
narrow annular rim which becomes further thickened (Figs. 67 G, 5 , 
69 J. g, q'). Obliquely placed, end walls, on the other hand, arc usually 
not pierced by a single large opening but by a number of elliptical 
openings placed one above the other (scalariform perforation, Figs. 
69 //., 173 ig). Some of the end walls are not perforated but merely 
pitted, and the vessels are thus of limited length. 

Some tracheae, in particxxkr those of woody climbers or lianes, may be some 
metres in length. In the Oak also tracheae ‘two metres in length are frequent. 
As a rule, however, they do not exceed 1 ni. and are usually only about 10 cm. in s 
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lengtli. The widest as well as the longest vessels are met with in ciiiuleng planis ; 
ill them tliey may be 0*7 mm. wide, while those of the Oak arc about O’‘2o nim. and 
of the Lime 0 ‘06 mm. 

The terminology of the water-condiieting elements is somewhat confused in 
the literature. As a rule the distinction is drawn between traeheides and tracheae 
or vessels. De Baiiy, however, called all these elements tracheae and distingiushed 
between traeheides and vessels. The suggestion of Rothert wltich is adopted 
here appears most convenient, viz. to distingiiisli within the collective ooiieepdon 
vessels, the traeheides and tracheae. 


The thickening of the walls of vessels niaj have the form of 
narrow bars, T-sbaped in cross-section (Fig. 68) on tbe relatively tliin 



Part of a Spiral tracheide. (7, Longitudinal Pio. 6S. Portion of a longitudinal section 
section tlirongli part of a reticulate trachea through three spiral vessels and a row of 

showing the remains of a partition wall, parenchyma cells of the Gourd (Ctuiurhifu 

(X 240. After H. SCHENCK.) Prpo). (x 5(30. After W. Kotuhrt.) 


wall. These bars may form isolated rings, eonnected spirals, or 
a network, and accordingly ANNULAR, SPIRAL, and RETICULATE 
traeheides and tracheae are distinguished (Figs. 67, G8). In other 
cases the thickening involves the greater part of the cell -wall but 
leaves numerous pits (pitted vessels, Figs. 69, 70). The pits may 
be circular, polygonal, or more or less transversely extended and 
elliptical or slit-like. When transversely-extended pits stand above 
one another in regular rows on the lateral walls the vessel is termed 
SCALARIEORM (Fig. 69 IL, 70 A). O'he pits of pitted vessels are 
ahvays bordered pits the canal of which widens from the cell 

lumen to the pit membrane (Fig. 71). They may be jjresent on one 
or both sides of a cell wall. The outline of the pit in surface view is 
commonly circular and encloses a smaller circle (Fig. 7l A). The 
smaller circle is the opening into the cell cavity, while the wider 
outline is that of the pit cavity at its widest part adjoining the pit 
membrane. The thickening of the cell wall thus overhangs the 
pit membrane and forms the wall of the pit, between the outer and 
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inner circles. The pit membrane is frequently thickened in the 
centre forming the torus (Fig. 71 0), and this, when the membrane 
is deflected to one or other side, may close the entrance like a valve 

(Fig. 71 t). The wide mem- 


1 . 








Fio. 69.— A, Diagrams of tracheae in longi- 
tudinal section. I., Wide trachea with 
small elliptical bordered pits, and with 
simple perforation of the end -wall (q, q). 
The further portion of the wall is cut away 
in the upper portion of the figure. IL, 
» IsTarrow trachea with scalariform pitting 
of the wall and perforation of the trans- 
verse wall, q. B, The transverse walls 
of the two tracheae in surface view. 
(After Rotheet.) 


brane of the bordered pits allows 
readily of movements of water 
from the one cell cavity to the 
other, while the overhanging 
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Fig. 70.— a, Lower third of a 
scalariform tracheide from the 
rhizome of the Bracken Fern 
(Ptefis aquilina ) ; the trans- 
versely-extended pits on the 
lateral walls ; q, the scalari- 
form pitted end, w'all. (x 05, 
After De Baev.) IJ, A 
tracheide with circular bor- 
dered pits, (x 100. After 
Strasburger.) 


wall of the pit ensures that the rigidity of the wall is not unduly 
diminished. 

As Fig. 71 shows, the pits are bordered on both sides of a wail 
separating two water-conducting elements. When, however, a vessel 
abuts on a living cell,, the pit is only bordered on the side of 
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the membrane toward the water-conducting element and the pit 
membrane has no torus. On the other side of the wall a simple pit 
is developed. 

There care transition forms between the various types of vessels^ 
and the thickening hands, in annular and spiral vessels, correspond 
to the walls of the bordered pits. 

These thickening bars are in fact, as was mentioned above, always rnirrowed 
at their attachment to the w’all (Fig. 68), As d result of this they <are readily 
detached from the unthickened membrane in the preparation of sections, the spiral 
thickening often lying within the cavity. The thin portions of the wall between 
the thickenings correspond to the pit membranes, and, when occurring bctw'een 
two water-conducting elements, 
may be somewhat thickened 
like a torus. 

Annular or spiral vessels 
are formed in growing parts 
of plants as they can undergo 
extension or stretching. 

The thickening of the 
walls of water-conducting 
elements increases the 
mechanical rigidity of the 
latter and prevents their 
being crushed by the ad- 
joining living cells. The 
living contents of the 
vessels diminish as the 
wall thickens and ulti- 
mately completely disap- 
pear. This does not happen in the tracheae until after the transverse 
walls have been broken through. 

System of Tissue of the Vascular Bundles. — The sieve-tubes 
are usually associated with conducting parenchyma to form strands 
or bundles of phloem which traverse the plant. The same holds 
for the tracheides and tracheae, although isolated or grouped 
tracheides may occur as a water-storage tissue in the parenchyma. 
Such strands of pihloem or of vascular tissue may be regarded as 
INCOMPLETE VASCULAR BUNDLES. They are commoii in the secondary 
permanent tissue as vascular strands in the wood and phloem strands 
in the bast (cf . pp. 1 5 4, 1 5 9). In the primary tissues, however, the phloem 
and vascular strands are united to form complete vascular bundles 
which run as a rule parallel to the long axis of an organ, and are 
united by cross connections into a network. The name vascular 
BUNDLE SYSTEM is given to this striking feature in the constaction 
of a plant. In these bundles the elements which serve for the con- 
duction of water are associated with those which conduct organic 



Fig. 71. — Tracheides from the wo(,)d of the Pine, Pinvs 
sylvestris. A, Bordered pit in surface view. B, Trans- 
verse section of bordered pit from a tangential section 
of the wood ; t, torus. C, Transverse section of a 
tracheide ; m, middle lamella, with, gusset, -ja* ; i, inner 
perix)heral layer, (x 540. After Steasburoer.) 
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material, SO that these different substances follow nearly the same 
course though usually in opposite directions. This tissue system may 
in its origin be primary or secondary. 

Such complete vascular bundles contrast with the less dense 
surrounding tissue by the narrowness of their elements, and the absence 
of intercellular spaces; they are often visible to the naked eye as in 
the translucent stems of Im^patiens farviiora. Strands of tissue of two 
sorts are to be distinguished in each bundle, 
the vascular portion or xylem, and the sieve- 
tube portion or phloem. The xylem and 
phloem may be variously arranged in the bundles, 
the transverse sections of which differ accord- 
ingly (cf. p. 99). 

Other names are used in the literature for the complete 
conducting bundle and its parts. Thus the conducting 
bundles are also termed vascular bundles, fibro- vascular 
bundles, or mestome ; the xylem is spoken of as the 
woody portion, vascular portion, or hadronie ; and the 
phloem as bast or leptome. 


6. Secretory Cells and Secretory Tissue. 
(1) SoLiTAKY CELLS. — Secretory cells isolated or 
arranged in rows are of frequent occurrence in 
the most diverse tissues. They may be isodia^ 
metric or tubular, and contrast with the 
cells by reason mainly of their contents. 
their diminished or dead protoplasts secretions 
of the most varied kinds are contained. These 
are end products of the metabolism and may have 
an ecological significance as protective substances. 
Mucilage, gums, ethereal oils, resin, gum-resin, 
Fig. 72.— Portion of a latici- tannin, alkaloids, and crystals of oxalic acid 
ferous cell oi Caro-pegicu 22) are among the most frequent secretions. 


(X 150 . 
ettrgeh.) 


After Stbas- 


The walls of these cells are often suberised. 

The non-septate laticiferous cells which 
contain the secretion called latex belong here. They are richly- 
branched tubes without cross walls, with a smooth elastic cellulose 
wall that is usually unthickened (Fig. 7 2). They have a layer of living 
pi*otoplasm with numerous nuclei lining the wall and sometimes 
contain starch grains (^'^), which in many Euphorhiaceae are dumb- 
bell-shaped. Their cell sap is a milky, usually white, watery fluid 
which rapidly coagulates on exposure to the air. 


Enzymes {in Ficus Carica and Carica Papaya peptonising enzymes in addition), 
tannins, poisonous alkaloids, and especially calcium -malate, occur dissolved in 
the latex. As droplets, in an emulsion gum -resins (mixtures of gum and 
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resin), caoutchouc, gutta-i^ercha, fats and wax occur, and as a solid constituent 
2)roteid granules. 

The laticiferous tubes in Euphorbiaceae, Moraceae, ApucTiiaeeae, 
and Asclepiadaceae proceed from cells 
which are already recognisable in the 
embryonic plant, and with the growth of 
the latter continue to grow, branch, and 
penetrate all the organs so that they may 
become many metres in length. 

(2) Cell-fusions. — A number of 
secretory cells may unite to form a more 
spacious reservoir for the secretion, by the 
dissolution of the walls , between them. 

This is most strikingly seen in the LATioi- 
FEROUS VESSELS. They resemble the latici- 
ferous cells in appearance and in their 
contents, but differ in their origin by the 
fusion of a number of cells forming a net- 
work (Fig. 73). Eemains of the trans- 
verse walls may he recognised in this.' 

The laticiferous vessels, like the lati- 
ciferous cells, are limited to certain families 
of plants, for instance the Papaveraceae 
{Papaver, CheMdoniimi, with reddish-orange piu. 73 .— Tansfjtifciai s^cthm through 
latex), the Campanulaceae, and in the 
Compositae the Cichorieae (Gichorlum, 

Taraxacum^ Ladum^ Scormiera, Iliemcmni^ 

Tragopogon). 

There is little groitiid for the widespread idea that the laticiferous cells and 
vessels also assist in the transport of materials. 

The MUCILAGE TUBES wHcli occur in many I^fonocotyledons are in many 

respects similar to the 



the periphery of the stt;in of Seor» 
sonern hispauAca, showing reticu* 
lately -united latex vessels, (x 
240. After S'rRASPA’iiGEH.) 
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laticirerous vessels. Their 
inucilaginous sap consists 
of albumen, starch, glu- 
cose, tannins, and inor- 
ganic substances. 

(3) Lysigenous 

I N TER GEL LULA R"; 

s PAGE s.;'--— Secretory,; 
reservoirs frequently 
Fig. 74.— Lvsigenous oil-reservoirs from the leaf of Bictammis arise aS Spherical, il* 
i’ounp ij Mature after dteolufcion of the eoU ,.e„ular, Or tubular 



walls. (Rothert altered from Rautee.) 

of entire secretory cells, t.«. lysigenously (Fig. 


cavities by dissolution 

„ , 74). 

These lysigenous secretory reservoirs arise from groups of cells in 
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which the secretion has been formed and the walls gradually dissolved. 
The secretory cavities filled with ethereal oils in the orange and 
lemon have this origin. 

6. Glandular Cells and Glandular Tissue. — Glandular cells, 
which excrete substances from their protoplasts to the outside or into 
the intercellular spaces, occur singly or in groups in the epidermis, in 


N T Fig. 76. —Glandular scale from the female inflores- 

cence of the Hop, Humulus Iwpulus, in vertical 
' section. ^4, before, 1», after the cuticle has become 

Fig. 75. Glandular hair from the distended by the secretion. In il the secretion 

'petiolQ of Fnriiula sinemis. ( x 142. has been removed by alcohol, (x 142. After 

After De Bary.) - , De Bary.) 

the parenchyma, and in other tissues. The glandular cells resemble 
parenchymatous cells, but have as a rule abundant protoplasm and 
large nuclei as in meristematic cells. The excreted substances are 
usually end products of metabolism and frequently have an ecological 

significance. Closely connected glan- ^ 

dular cells forming a layer constitute 
a GLANDULAR EPITHELIUM. 

Glandular epithelia or isolated % i ij t % if 

glandular cells are of frequent occur- 1 1 T f 


Fig, 77.--' Sessile dig-estive gland from the upper side 
of the leaf of Finguimla mdgaris. A,. In longi- 
tudinal section! JB, Seen from above. (Rothert 
altered from Fenner.) 


Fig. 78. — Schizogenous oil - reservoir in a 
cross-section of the leaf of Eypericu/m 
gierforatum. S, the glandular epithelium. 
(After Haberlandt.) 


rence in the epidermis and are often covered by a porous cuticle. In 
this situation glandular hairs, the knob-shaped end cell of which is 
secretory (capitate hairs, Fig. 75), also occur. Other glandular hairs 
may be scale-shaped (Fig; 76), and glandular emergences (Fig. 56) 
are also found. The secretion is very often composed of resinous 
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substances, and accumulates between the outer wall of the secretory 
cells and the cuticle which is raised up and finally burst. The same 
holds for the formation of other adhesive substances and iniiciiage. 

According to the excreted products, which inay have varied ecologica,! uses, 
the epidermal glands may be distinguished into mucilage, oil, resin, digestive 
(Fig. 77) glands, also salt glands, water glands (iiydathodes), and nectaries 
The last-named secrete a sugary fluid which attracts insects and occur as 
giandular surflices or hairs within the flowex* or in other situations (cf. Fig. 136 n). 
These are termed respectively floral and extra-floral nectaries. 

The glandular cells or epithelia enclosed within parenchymatous or 
other tissues always abut on circular or irregular intercellular spaces or 
tubular, branched, or unbranched canals which sometimes run through 
the whole plant as a connected system of tubes. These intercellular 
spaces, which arise by the splitting apart of cells, form the schizogenous 
secretory reservoirs (Fig. 78). Their contents consist of ethereal oils, 
resin, gum, or mucilage, and corresponding distinctions are made in 
naming these canals. 

Schizolysigenous reservoirs also occur. 

SECTION III 
ORGANOGRAPHY 

THE EXTERNAL MEMBERS AS ORGANS OF THE I’LANT 

The organisms included in the vegetable kingdom are variously shaped 
and segmented. Some are unicellular throughout life, while others 
are multicellular. Both may have very simple and regular geometrical 
forms and have no external segmentation, or on the other hand may 
possess a body with a very irregular outline owing to its being 
divided into protrusions of the most various kinds. 

I. Significance of the External Segmentation to the Organism. 
— The construction and segmentation of any particular organism stand 
as a rule in close relation to its needs and mode of life. The external 
as well as the internal segmentation is usually the expression of a 
DIVISION OF LABOUR between the parts or the ceils of the multicellular 
body. The external members are, in fact, usually organs with definite 
vital functions. The physiological progression from simpler to‘ more 
segmented organic forms consists in great part in the increase of this 
division of labour. 

n. Main Groups of Organs. — The activity of every organism has 
two sides. It must nourish itself in order to maintain itself as an 
individual, and it must reproduce in order that the race should not 
perish with its death. The body of the plant subserves these two 
fundamental vital impulses. Only in primitive plants does the whole 
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mass serve both equally ; usually certain parts are concerned with the 
nutritive processes and others with reproduction. There is thus 
usually a clear division of labour between the vegetative organs and 
the reproductive organs, which are fundamentally different in form 
and structure as well as in function. These two groups of organs will 
require separate consideration. 

IIL Relations of Symmetry. — The form of tlie whole segmented 
or unsegmented organism and of its parts is determined by their 
relations of symmetry. Like nearly ail properties of organic forms 
this is closely connected with the mode of life of the organism, 
especially with the direction of growth of the plant and the position 
of its members in space. As a rule, therefore, the symmetry of the 
internal construction of a plant corresponds to that of its external 
form. 

Apart from a few very simple forms, the plant body and its 
individual parts nearly always exhibit polaiuty and a distinction of 
base and apex. Such a distinction is shown both in free motile 
forms, in which the direction of progression is usually determined by 
the polar construction of the body, and in attached forms, where the 
organism is attached to the substratum by its basal pole. 

Every section through a part of a plant parallel to the longitudinal 
axis is a longitudinal section. When it passes through the axis it is 
termed a radial longitudinal section, and when it is at right angles to a 
radius but not in the plane of the axis itself a tangential longitudinal 
section. Sections at right angles to the long axis are transverse 
sections. An organism or a part of a plant which is almost similarly 
constructed around its longitudinal axis is termed radial or AGTINO- 
MORPHIO (Fig. 525 A), Such a structure can be divided by a number 
of radial longitudinal sections into approximately equal halves, wliicb 
are mirror images of one another.; it has thus a number of PLANES 
OF SYMMETRY. When there are only two planes of symmetry 
standing at right angles to each other the structure is called 
BILATERAL (Fig. 107), Lastly, when there is only a single plane of 
symmetry (the median plane) the structure is dorsiventrai. or 
ZYGOMOKPHic ;• the two lateral halves correspond, while the anterior 
and dorsal sides are unlike (Fig. 525 B). Plants or parts of plants 
which grow vertically upwards or downwards (orthotropous) are 
usually radial or bilaterally symmetrical When, on the other hand, 
they grow oblique or at right angles to the vertical (plagiotropous) 
they are frequently dorsiventral. There are also ASYlyOlETRiOAL 
organic structures, which cannot be divided by any plane into corre- 
sponding halves. Some dorsiventral structures, e.g. leaves, become 
asymmetrical by the one half being differently formed to the otlieiv 
This is, for example, the case with the leaves of Begonia, and in a less 
degree with those of the Elm. The whole radially symmetrical 
plant body is here composed of dorsiventral and asymmetrical parts. 
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L Vegetative Organs 

The highest segmentation attained by the vegetative organs of 
plants is that into root, stem, and LMAVES. Stem and leaves are 
classed together as the shoot. A plant body composed of shoot and 
root is termed a CORMUS, and plants so constructed corbiophytes. 
The fern-like plants, or Pteridophyta, and the more highly-segmented 
seed plants derived from them are cormophytes. 

The cormophytes arose phylogenetically from more simply 
organised plants in ivhich the plant body had not attained such a 
profound segmentation ; in which roots were wanting, while leaf-like 
branches though not true leaves were present. Such structures, as 
well as quite simple and unsegmented plant bodies, are included 
under the term thallus, and such plants may be contrasted with 
the cormophytes as thalloid. The. Algae, Fungi, Lichens, and ail 
Bryophyta have thalli. 

The thalloid plants must not be confused with the Thallophyta. All thalloid 
plants possess a thallus, but they are not all Thallophyta. Under this Jianie 
systematic botany includes only the Algae, Fungi, and Lichens. 

A, THE THALLUS f ») 

(a) Algae, Fungi, Lichens. 1. Simplest Forms. — The only forms 
that are quite unsegmented externally are a number of microscopically 
small unicellular or multicellular plants. The simplest form that can 
be assumed by an organism is that of the sphere. 

For example, such spherical cells are shown by some Algae that form a green 
coating on damp walls (Fig. 35), and by many Bacteria (Fig. SO h). The latter 
include by far the smallest known organisms. 

2. Increase of Surface. — Of ail geometric figures the sphere has 
the smallest surface for the same volume, and this surface bears a 
smaller ratio to the volume the greater the latter is. Deviations 
from the spherical form are thus connected with a relative increase of 
the surface. In piarticular, as the volume of the body increases the 
surface area is in this way increased relatively to the volume. 
Cylindrical, rod-shaped, filamentous, ribbon-shaped, and discoid forms 
thus occur,' and ultimately bodies segmented by reason of their external 
projections. The free surface of the body is of great importance to 
the plant for the absorption of the gaseous and liquid substances 
necessary for its nutrition and derived from the environment. 

Even when spherical the cells of Bacteria on account of their minute size have 
an extraordinarily large free surface as compared with cells of higher organisms. 

The unicellular individuals of the beer Yeast (cf. Fig. 20) are ellipsoidal in 
shape, while the cells of many Algae, .such as species of Diatoms (Fig. 79), are 
discoid or cylindrical. This gro,up of Algae exhibits spindle, canoe, helmet, and 
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fan shapes, and also filamentous ribbon- and chaiu-like forms. Rod-shaped and 
spirally-wound forms are met with in the Bacteria (Fig. SO a, c, d). 

Such living beings may be attached by mucilage to a substratum or may float 
free in water. The free-floating organisms of continental water surfaces as well as 
of the ocean are termed plankton in contrast to the firmly - attached aquatic 
organisms which constitute the benthos. The plankton flora, which is rich in 
peculiar species, contains such forms as have been mentioned above. These may 
have the power of active movement (swimming forms) due as a rule to projections 
of the protoplast as slender contractile flagella or cilia which are special organs of 

locomotion. This power of movement enables 
many organisms of the plankton, responding 
to stimuli, to seek for favourable nutritive 
conditions or to avoid unfavourable spots. ; 
Other forms of the plankton are suspended 
without true power of movement in the water 




Fig, 79. — Finnularia.mridis. A, Surface 
view. B, Lateral view, (x 540. 
After Strasburger.) 


Pig. so. —B acteria from deposits on teeth, a, 
Leptothrix luccalis', the same after treat- 
ment with iodine ; 6 , Micrococcus ; e, Spiro- 
cimete dentiurn, after treatment with iodine ; 
(i, Spirillum sputigenuriL (X SOO. After 
Strasburger.) 


(floating forms). Many of them, and other plankton organisms, show special 
arrangements for flotation in the increase of body surface by long bristles, bars, 
and plates. The friction of the body against the water is thus considerably 
increased and sinking made more difficult (®^). 

3. Establishment of Polarity. — ^The next stage in progressive 
complexity of form is the establishment of the distinction between 
base and apex. In freely motile forms the cilia are frequently 
attached at one pole. In fixed forms one pole forms an ORGAN of 
ATTACHMENT, as, for instance, a circular disc of attachment or 
palmatelj-branched lobes. The further growth may at the same time 
be restricted to a small region of the body or growing point. This 
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in intercalary growth is a zone between the base and apex, wdiile in 
apical growth it is sitimted at the summit of the plant body. A 
young plant of the green seaweed Ulm /acten- affords an example 
of the latter condition (Fig. 81), 

4, Flattening. — Many Algae and Lichens have a disc-shaped or 

ribbon-shaped thaiius (Fig. 83) by which the free surface is further 
increased. The assumption of this form may therefore be regarded as 
an adaptation to the nutritive relations of the organism. The latter 
constructs its organic substance from the carbon dioxide which it can 
decompose, but this process of assimilation only takes place in plants 
that contain chlorophyll and in the light. Thus as ^ 

many chlorophyll grains as possible require to be 
exposed to the light, and this is attained even 
in massive bodies by flattened form. 

5, Dopsiventrality. — The majority of the forms 
so far referred to are radial or bilaterally sym- 
metrical, In those in which the thallus spreads 
out on a substratum in many Lichens), the 
construction of the plant body further becomes 
dorsiventral. Dorsiventrai symmetry is character- 
istic of forms in which the upper side is the more 
strongly illuminated and is especially concerned in 
assimilation. 

6, Branching. — Filamentous, ribbon -shaped, 
and discoid forms, the surface of which is extended 
as branches, are still more highly organised. This 
occurs in most thalli of Algae, Fungi, and Bryo- 
phyta. The free surface is still farther increased 
by the branching, and the available space is better 
utilised. Thus bushy, shrub-like, and dendroid 
thalli arise ; these in the Algae have often delicate 
branches moving with the surrounding water to 
which they offer little resistance. 

In- branching the apex of the young plant may 
divide into two new and equivalent parts (lichotojmous BRANCiirNG), 
as happens repeatedly in the fan-shaped thallus of the Brown Seaw'eed, 
Dictyota dichotoma (Fig. 83 ; cf. the diagram in Fig. 82 a). In other 
branched forms there is a new formation of growing points w^hieh 
give rise to lateral branches (lateral branching), and in the higher 
forms this becomes more and more limited to the apical region of 
the thallus ; the youngest and shortest lateral branches are the nearest 
to the apex. Such an ACROPETAL origin of new lateral members is 
already evident in the filamentous Green Alga, Gladophora (Fig. 84 ; 
cf. also Fig. 89).. In the simplest case of lateral branching a single 
main axis (monopodium) continues its apical growth throughout the 
branch system. It behaves as the pa-rent axis to a large number of 


Fig. si . — Him hctuoi, 
yoiiiiG: stage, allow- 
ing apex and base. 
(X 2-JO. After Stkas- 
BU no 
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lateral axes, arising successively on all sides. These grow less actively 
than the main a^kes but can in turn branch similarly. This tjq^e 
of branching is called racemose (cf. the diagram, Fig. 82 b). 

All lateral axes which arise on the axis of the young plant are 


Fto. 82,— a, Diagram of dichotomous and, J), of lateral racemose branching. K, Axis of the young 
plant ; H, main axis ; 1, S, 4, lateral axes of corresponding orders. 

spoken of as branches of the first order ; those which, in turn, arise on 
branches of the first .order as; of the second order, and so on (cf. Fig. 
82), The axis on which a daughter axis arises is termed relatively to 

it a parent axis. Parent 
axes may thus thamselyes 
be daughter axes of th a first, 
seconci, third, etc., ordei’s. 

Cyiiiose branching, whiGh will 
be described in connection with 
the cormus, also occurs in Thal- 
•Tophytes.; 

In contrast to the TRUE 
BRANCHING described above, 
what is known as false 
BRANCHING is foiuid in 

Fia. ss.-mctyota dMoma. Q nat. size. some low filamentous Algae 

After scHENOK.) and Bacteria. It comes 

about by the filament break- 
ing into two portions, still, however, held together by the mucilaginous 
sheath ; each new end arising by the rupture can grow on as a filament 
(Fig. 86). When an unbranched thallus is subsequently split into a 
number of lobes, as in the case of the fiat thallus of Laminaria (Fig. 
351), the term branching is not used. 

The thallus in the Fungi, which do not assimilate carbon dioxide 
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but absorb organic substaneesj has a correspondingly peculiar aspect. 
It is termed a mycelium, and consists of thin, highly-branched, 
cylindrical, colourless filaments (Fig. 87 and Fig. 6) called hyphab. 
These penetrate the substratum, such as the humus soil of a wood, in 
all directions and thus expose a large surface for the absorption of the 

necessary food materials. Parasitic 
fungi, if not inhabiting the cells, usually 
send suctorial projections of the hyphae 
(haustoria) into the living cells of the 
host plant from the hyphae in the 
intercellular s|)aces (Fig. 85). 

7. Division of LaboiiF between 
the Branches of the Thallus.— The 
most highly-segmented types of thallus 
are met with in some Siphoneae and 
in the Brown and Red Seaweeds 
(Phaeophyceaeand Rhodophyceae). The 
external segmentation of some of these 
resembles in a remarkable manner the 
shoot in cormophytes. Some of these 
Algae attain a great size, the thallus 




Fia. 84. — Portion ot‘ Cladoplwra 
glomerata. (x 48, After Scbenck.) 


Fia. 85.— Haiistoi-ia (Imist) of Peronospora parasntka. 
in parencliyraatoiiiS cells of Ca2ysd!.a, hy, The inter- 
cellular hyphae. (x 240,) 


of the Brown Alga, Macrocydis, being 45 m. long. A good example 
of high differentiation is afforded by the Red Seaweed, Delesseria 
sanguinea (Fig. 88), which has leaf-like lateral branches seated on the 
cylindrical, branched, relatively main axes. In many such forms, 
besides the formation of attaching organs or haptera and of branches, 
a further degree of dififerentiation is attained. Some cylindrical 
branches continue the giwth and branching of the thallus as LONG 
SHOOTS. Other branches borne on these are short shoots with 
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growth, 


and serve as leaf -like organs of arsimilatton. 

These short _ shoots may 
again exhibit a division of 
labour among themselves. 
Such forms are of the 
greatest . .interest „ morpho- ' 
logically, as they show how 
the leaves of cormophytes 
could have arisen from short 
shoots. 

Leaf- like sliort shoots have 
evidently arisen inclependently in 
a number of series of thalloid 
plants. These organs, serving 
for assimilation, have all as- 
sumed similar leaf-like forms. 
Thus the leaf- like branches of 
the Siphoneae and Brown Algae 
are not homologous with those of 
the Ked Algae but only analogous, 

8. Internal Strueture 
of the Thallus. — Thalli, ’" 
whether segmenteci or unseg- 
mented, may consist of a 
single protoplast Sipho- 
neae, Caulerpa^ Fig. 346) or 
of many cells. In the latter 
case the cells are arranged 
in filaments (Fig. 84), sur- 
The simplest multicellular 



Fin. 86.-- Fa.l.se branching in Cyanoi»hyceae. A, Plecto- 
'nem.a TVollei ; only the upper end of the broken filament 
grows out as a branch, B, PI. mirdbUe ; both ends 
proceed to grow. (Oltma.nns after Kirckner and 
Bornet.) 


mass. 


faces, or are united to form a cell 
thalli are composed of uniform 
cells all capable of division. 

As soon as a growing point is 
defined a distinction between 
MERISTEMATIG and PERMANENT 
cells is apparent. The extreme 
tip of the apical growing point 
is nearly always occupied by a 
single cell termed the apical 
CELL. This often differs little 
from the other cells, as in the 
case of Gladoplma glomerata 
(Fig. 84). The dome-shaped 
apical cell is prominent on 
the multicellular long shoots of the Brown Alga, Cladoste^jhus verti- 
cillatus (Fig. 89)., , 



Fia. 87 


-Portion of the mycelium of PenidUiun. 
( X about So.) 
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Snell an. apical cell divides by transverse walls parallel to one aaotb.er, wliich 
cut off disc-shaped segments from its lower end. These divide further in a regular 
way, first by longitudinal and then by transverse walls into a number of cells, 
which are at first meiistcmatic. The lateral branches, mostly developed as 
shoots of limited growth, develop from lateral cells in acropetal succession, and 
give the characteristic form to the plant (Fig. 89), Flat ribbon-shaped thalli 
may have a similar hut correspondingly flattened apical cell, as seen in the Brown 
Seaweed, Dictyota dicliotoma (Fig. 90). Flat segments are cut off from this by 
walls convex backwards, and are then divided by longitudinal w'alls. Sometimes 
the apical cell is divided by a longitudinal wall into two cells of eqinxl size lying 



Fie. SS.—Delessenasanfjnlnea. (|- nafc. size. Fig. W.—CladosiepMs rpyHhiUofrus, (x 30. 
After ScHKxcK.) ^ After Pringsheim.) 


side by side (Fig. 90 i?, a, a), each of which forms one of the branches of the 
dichotomy. 

# The permanent cells even of highly -differentiated thalli almost 
always have the characters of parenchyma. There may be a distinction 
of peripheral assimilatory parenchyma with abundant chloropliyll, 
storage parenchyma, colourless and with abundant reserve materials, 
and conducting parenchyma composed of elongated cells. 

Since the multicellular Algae living in water do not require protection against 
drying up, and when exposed to the air at ebb-tide are protected by a covering of 
mucilage, a typical epidermal layer is wanting. The Algae show, however, an 
outer lamella of the cell walls of their superficial cells, which stains brown with 
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clilor-zilic-iodide. Rigidity of the tliallus, especially in forms that grow exposed 
to the surf, is provided for by thickening of the walls of the outer layers of cells 
and sometimes by incrustation with calcium carbonate. In the Bladder AVrack 
(Fue-us wsiculosus) special mechanical cells, characterised by their thickened walls 
and their great extensibility and elasticity, are present. The Laminarieae, which 
are also Brown Algae, attain the highest grade of internal differentiation. In the 
thick stem-like axis of these plants a cortex, a central body, and a loose lueduila 
can be distinguished. The cortex frequently contains mucilage canals, and the 
medulla has rows of cells resembling sieve-tubes and serving for the transport of 

materials ; such cells also occur 
in some Rhodophyceae, The axis 
grows in thickness by the con- 
tinued division of a cortical layer, 
which forms concentric zones of 
secondary tissue, recalling the 
annual rings of the higher plants. 

The thalli of Lichens arise 
by the interweaving of fungal 
hyphae and can assume a paren- 
chymatous structure. The peri- 
pheral layers in many species 
form a protective rind owing to 
the close association of the hyphae 
and the thickening of their walls. 

(b) Bryophyta(^‘^).— 
fact tkat the Mosses and 
Liverworts (Bryophyta) asr 
siniilate carbon dioxide finds 
expression in their external 
form and internal structure^ 
There are Liverworts such as 
Pdccia fiuitans (Kg. 91) in 
which the dichotomously- 
branched ribbon-shaped body 
resembles the thallus of 
Dktyota (Fig. 83). In Blasia pusilla, another Liverwort (Fig. 92), the 
ribbon-shaped thallus has a midrib and bears lateral lobes as if the 
separation of leafy structures was commencing. The most completely 
segmented Liverworts, such as Plagiochila anplenioides (Fig. 93), and 
all the Mosses have cylindrical branched stems bearing such leaves as 
organs of assimilation. The lateral branches stand beneath the leaves 
on the main axis. These dorsiventral, bilateral, or radiaiiy-symmetrical 
bodies, which are often in the Mosses associated in tussocks, are only 
analogous to the shoots of the higher plants and are best regarded 
as highly-differentiated thalli. Though these plants, in contrast to 
the Algae, are mostly sub-aerial organisms they do not possess true 
roots, but are attached to the soil by rhizoids. These are unicellular 
hairs, separated from the basal cell bearing them by a cross wall, or 



Fill. 00.— -The growing point of Diciyota dichotmna, show- 
ing the dichotomous hranching. -1, Initial cell. 
( X circa 500. After E. de Wildemax.) 
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branched filaments of cells, and serve to absorb -vrater. Maiir of 
these plants can absorb water by their whole surface. 



Fia. 01 . — Rkela pilfans, Fia, pusilhu 'r, rliir.oid. 

(Nat. size. After Scubnck.) (X 2. After Sciikn'ck.) 


When the thalliis lies on the substratum it is usually dorsi ventral 
as in Lichens, and frequently has abundant chloro])hyll only on the 
upper side exposed to the light (Fig. 95). In such cases the rhizoids 
are confined to the lower surface. 

In the Bryophyta, which are all multicellular, 
the summit of the apical growing point is fre- 
quently occupied by a single aihcal cell. 

In ribbon - shaped Liverworts, such as Met::gGria and 
Aneura, as in some similarly-shaped Algae, the apical 
cell is wedge-shaped (Fig. 94), and cuts ol! segments in 
two or sometimes four rows. The segments in the former 
case are cut oif by oblique walls inclined alternately to the 
right and left ; the four-sided apical cell in addition cuts 
off segments above and below. By further^division the 
segments give rise to the liody of the plant. The apparently 
dichotomous branching of Liverworts with growing points 
of this type can be traced back to the early delimitation 
of a new apical cell in the acroscopic half of a young seg- 
ment (Fig. 94 at 5). In the erect radially -constructed 
thalli of the ]\Iosses the apical cell has the form of a 
three-sided pointed pyramid, and cuts oif three rows of 
segments. The young leaves of the Mosses grow at first by 
a tw'O-sided apical cell, but later have intercalary growth. 

IhG. 9$, ~-~Pla{!iQ(Mla asple- . 

The uermanciit tissues reach a higher level of inouies witt leaves over- 

differentiation than in the Algae. I his is con- a Venetian wind. (Nat. 

nected with the difficulties which the life on land size. After schexck.) 
of the Bryophyta introduces- There is only 
rarely a definite epidermis, though the superficial cells are covered by 
a kind of cuticle. On the thallus of the Marchantiaceae, however, 
an external layer of cells is clearly marked off from the underlying 

G 
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tissue. It is perforated by air-pores (Fig. 95), wliicli resemble in 
origin the stomata of higher plants. Hairs, in the form of mucilage- 

secreting papillae or flat leaf -like scales, 
are of common occurrence. 

A typical stomatal apparatus witb two; giiarh 
cells enclosing a stoma is found, as Goebel 
shown ill the tliallus of the Liverwort, Anthoceros ; 
it rniist be borne in mind tliat these stomata are 
mucilage slits and do not contain air. 

A peculiar capillary apparatus serving for the 
absoi'ption of water occurs in the Bog Mosses 
(Sphagnaceae). The cortex of the stem consists 

Fir, !.4.~Diagi,immatic representa- “f ‘P®*; of empty cells the walls of 

tionotthp.fi^exotMetzgenafimata which have annular and spiral thickening, and 
in process of branching, viewed are perforated by round holes ; these readily absorb 
from the dorsal side, % ^pical Similar cells lie singly in the leaves, wdiicli 

(x circa 370, 



cell of parentehoot; 6, apical call : 


of daughter shoot. 
After Kny.) 


a network of elongated living cells containing 
chlorophyll. 

Some Liverworts have a strand of elongated cells serving for 
conduction. This is situated in the midrib of the ribbon-shaped 


forms. Conducting strands clearly limited from the 


surrounding 


tissue are, however, first met with in the Mosses. 

A relatively simply-constructed conducting strand is shown in transverse section 
in the stem of Mnitom undulatii^m in Fig. 96 1. The most perfect strands of this 




Pig. 95.-— Surface \dew and transverse section of the thallus of MarclioMia j^lyniorpha. In A, an 
air-pore, as seen from above; in B, as seen in cross-section ass, assimilating cells, (x 240. 
After STRAsnuKOEE.) 

kind are found in the stems of the Polytrichaceae. They contain elongated, thin- 
walled, water-conducting elements, thick- walled mechanical tissue, and elongated 
cells that contain proteids and starch. Strands of similar construction are also 
found in the thick midrib of the leaves and are connected with that of the stem. 
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In some Mosses there are in addition elongated and pointed niechanicai cells whicli 
closely resemble selerenchyma fibres. 

(e) Gametophyte of the Cormophytes (”®). In the (leveloprncntal 
liistory of the cormophytes a stage with a thallokl vegetative body 
occurs. Two generations alternate regularly with one another, the 
spore-bearing plant or sporophyte and the sexual plant or gainetophyte. 
The vegetative body of the former is a cormus, while that of the latter 
is usually a ^^ery simply segmented and constructed thallus (pro- 

thallium). In Pterb 
clophyta the gainetophyte 
— // )} is usually a flat green 

■j /j structure attached to the 
r rhizoiils and living 


Fig. t»7. — Ai^pidiim fdix mas. Pro- 
tliallium from tlie lower side. 
rh, I'luzoids. (x al)out 8. After 

SCHENGK.) 


'f. 96. — Transverse section of tlie stem of 2Inimi vndn- 
latum. 7, Condiictiiig-'bundle ; c, cortex ; e, peripheval 
cell layer of cortex ; f, part of leaf ; r, liiizoids. ( x t>0. 
After Steasbukger.) 


independently (Fig. 97). It is at most a few centimetres in length 
and resembles a small Liverwort thallus. It may also consist of 
branched filaments. 


B. THE CORMUS 

The vegetative organs of the sporophyte in the Ferns and fern-like 
plants (Pteridophyta) and in the Spermatophyta, to which the name 
cormus will be applied, are, as has already been mentioned, more 
highly segmented than the thalli. The cormus is divided into shoot 
and root,'"the shoot into the axis and the leaves. Stems, leaves, and 
roots are thus the fundamental organs of the cormus, which evidently 
is adapted to life on land by its outer, and inner construction. 
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As in many tlmlli the surface ol the cniinus is €on^:iderabiy in- 
creased by branching. The shoot foi’ins lateral ]>ranelics, the roots 
give rise to lateral roots, and by this branching, which in many plants 
begins even in the embryo, a shoot-system and 3‘oot-system arise. 

The term cormus is usually employed as e<|uivaleuL to shoot to denote a leafy 
stem apart from the roots, and a shoot or eormus is theo i’eeoguisr«il in the leafy 
Bryophyta. This view, however, dates from ;i. period when (he life-history of the 
Bryophyta was not accurately known. It is now established that tiic "‘shoot” of 
the Moss is not homologous with The slioot of the higher plants. It is therefore 
advisable not to employ the terms shoot or cornins in speaking cither of the 
Bryophyta or of similarly organised Algae. There is nothing to ]*rcvent using the 
conception of the cormus as a wider one than that of the shoot, and to understand 
by it tlie vegetative organs of the cormophytes dilfereniiated into shoots and roots. 
Further, there are transition forms between roots and shoots {e.g. the rhizophores 
of ^elaginella) and between leaves and shoots {e.g, Vtr lev-1 aria), 

1. Construction of the Typical Cormus 

The fundaxBental organs of those eormi which can be regarded as 
typical will be considered in the first place. Their peculiarities only 
appear typically in such plants as our native trees, or even more 
clearly in many herbs. The fundamental organs may undergo many 
modifications and, in extreme cases, their distinction may be difficult. 

(a) The Shoot 

The shoot in land plants may be wholly or in part exposed to the 
air (aerial shoot) or be partly buried in the soil (subterranean 
SHOOT, Fig. 138); the latter is the case in many perennial herbaceous 
plants (cf. Figs. 123, 138). It consists of the stem or AXIS of the 
shoot and the LEAVES, The latter on the aerial shoots, which are 
usually green, are developed as foliage leaves, while on the white or 
colourless subterranean shoots (root -stocks or rhizomes) they are 
mere scales. The stem bears the leaves and provides for the extension 
of the shoot-systems ; this involves the elongation of the stem and 
the formation of new leaves and lateral branches, the connection 
between the leaves and roots, and the conduction of material between 
these organs. The stem in most subterranean shoots further serves 
as a place of storage of reserve materials. The foliage leaves, like the 
leaf-like branches of thalloid plants, are the organs of assimilation and 
transpiration in the cormophytes. The external form and internal 
structure of the foliage leaves and stem stand in relation to these 
functions. 

(a) The Growing Point. — The shoot grows by means of an apical 
growing point situated at the extreme tip of the stem. Since the 
growing point is extremely small and scarcely visible to the naked 
eye, it is best seen when longitudinal sections of the apex of the shoot 
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are examined a magnifying glass (Fig. 98). It then appears fiat 
(Fig. 99) or convex (Fig. 98 and sometimes distinctly conical 
(Figs. 100, 102). The rudiments of the leaves (/) and of lateral 
branches (g) arise laterally beneath the tip and appear as closely- 
crowded exogenous projections or bulges of the surface. The leaves 
arise in acropetal order and become larger on passing farther from 
the apex, as is clearly shown in transverse sections of the growing 
point (Fig. 99). 



The growing point and the young leaves, which only arise from 
the embryonic part of the apex, both consi.st of meristeinatic tissue. 
In the majority of the Ferns and in the Horsetails a single apical cell 


Fii!. 00.— Apical view of tlic 
vegetative cone of a shoot 
of Eiionymvfi japotdm. 
(X 12, After Steas- 

BURGER.) 


■A 08.— Apex of a shoot of a i)haneTOganuc plant. 
L\ Vegetative cone ; /, leaf-nidiment ; ij^ rudi- 
ment of an axillary bud. (x 40. After 
Steasetjrgeb.) 


is found at the summit of the growing point (Fig. 100 f). It has the 
form of a three-sided pyramid (tetrahedron) with a convex base. 

The apical cell (Fig. 100 t, 101 A) of the main shoot of the Common Horsetail 
{Equisetum arvense) will serve as an example. Viewed from above (Fig. 101 A) it 
appears as an equilateral triangle in which new walls are successively formed 
parallel to the original walls. Each segment S") becomes further divided by 
partition walls. In the Pteridophyta which liave apical cells tlie leaf rudiments 
(/> /O f^sually commence their development with an aihcal cell whicli cuts off 
the rows of segments (/). The activity of this usually ceases, and the development 
of the leaf is continued by marginal growth due to a number of equivalent two- 
sided cells. This is the case, for example, in Equisetum, The lateral buds {g) also 
start from a single cell that becomes the apical cell. 

In the Lycopodiaccae, among the Pteridophyta, and in Phanero- 
gams, there is no such single apical cell at the growing point. Lr 
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place of this a number of equivalent meristematic cells, which often 
form 3*egular concentric layers (Fig. 102), are met with. 

The outermost layer of cells which covers the growing point and also the 
developing leaves is termed the dermatogen. {d) because it gives rise to tlie 
epidermis ; it usually divides by anticlinal walls only. The cells in which the 
central cylinder of the stem ends at the apex form the plerome while the layers 
between this and the dermatogen constitute the pepjblem (pr). The limit between 
the periblem and plerome is often indistinct. The leaves and lateral branches arise 
as multicellular projections (Mg. 102), which come about by local increase in 
number of periblem cells, while the dermatogen undergoes anticlinal divisions only 



Fig. 100.— IVledian longitudinal section of tlie vegetative cone of Equisetum arvense. 

Explanation in the text, (x 240. After Strasburger.) 

and keeps pace with the enlargement. In the case of the origin of leaves only the 
dermatogen and i^eriblem are concerned ; in that of the lateral branches the 
plerome also 

Since the rule that the new cell walls intersect at right angles holds for 
growing points, the system of cell walls as seen in longitudinal sections often 
forms a strikingly symmetrical figure, the periclinal as well as the anticlinal 
walls forming systems of confocah parabolas (Mg. 266). The elements of the one 
system cut those of the other nearly at right angles (Sachs). In transverse sections 
of such growing points the periclinal walls form concentric circles. 

Bud. — ^T he formation of new members at the growing point is 
followed by their increase in size and differentiation. This applies in 
the first place to the young leaves, the growth of which exceeds that 
of the stem apex and is most marked on their lower surfaces. As a 
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<? point (Fig. 98) 
becomes a 
"“-i protected against 
•, though still immature, leaves. A 
.pletely-developed end of a shoot. 

■inter bud shows a 
iiich they are 
spread out Oat, 
'iimpled. . .The liiaiiiHU* 


result of tills tlie older leaves close over the giwmg 
and the younger leaf rudiments. The growing point thus 1 
hud in which the delicate younger structures are p 
desiccation by the older and larger, 
bud is thus the young iiicomi 

Vernation and Aestivation.*— A section tlirougli a w _ 

^vonaerful adaptation of the young leaves fo ““TlToTare s 
confined. . They may he so disposed that the le.wes aie s 

bnt iTiore freoneiitly they are folded, rolled (1 lOo 


Fio. 101.-^, Apical view oi , 

cone of Equisetmrh arvense. L, Opbicai 
section of the same, below the apical 
cell; I, lateral walls of the segment.. 

Further explanation in texo. 

After Sthasboroer.) 

in which each separate leaf is disposed m the 
other hand, the arrangement of the leaves m 
1 _ .J . o f od AESTIV ATION . In this respect 

do not touch, or valvate wh— 
some of the leaves are c . - . 

occurs in hower-biids, the mar, 
h other in one direction, 

he Axis of the Shoot. 

, ligation of the stem begins at ^nne 
; . with this the leaves m U- ^ 
istic of shoots, especially aerial shoots, 

,ed to a short region below t— ■- 

ase of these terms in f % of the le, 

By VEMATION 13 i i-Si" the hud is termed pttxis. 

•Ivok. The folding of each mdivxd^l ^al in m ^ 


the bud with respect to one another 
the leaves are distinguished as free 
i,4en merely touching, or imbricated in 
overlapped hy others (Fig. 103 *)• If. ^s 
■vins of the floral leaves successively 
the aestivation is said to be contorted. 

A. External Construction. — The 
■ . — distance from the grow- 
the bud begin to separate. It is 
that this elongation is 
the tad tat extends many centi- 

differs from that customary in 
javes in a vegetative 

—3. The 
-Trans.] 
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metres (to more than 50 cm.) from 
in the siiccessively distant zones. 



Fig. 103.— Transverse section of a bud of PopuHs 
nigra. 1% Bud -scales showing imbricated 
aestivation [vernation] ; I, foliage leaves 
with involute vernation [ptyxis] ; s, each leaf 
has two stipules, (x 15. After Strasburgeb.) 


this. ; It is not of course so active; 
The elongation may, on the other 
hand, be so slight that the mature 
leaves of the shoot adjoin one 
another without leaving any free 
surface of stem between them. 
As a rule, however, its amount and 
distribution Is such that the inser- 
tions of the leaves become separated 
by bare regions of stem (Eg. 1 1 5). 
These are known as internodes, 
while the transverse zones of the 
stem where the leaves are inserted 
are the nodes. The growth in 
length is much less in the nodes 
than in the internodes. In the 
latter it is often limited to a 
narrow zone, for example at the 
base of the internode in the 
Grasses. There are then a number 
of zones of intercalary growth in the stem separated by fully-grown 
regions. The nodes may be swollen (cf. Labiatae). 

In the aerial shoots the internodes are usually thin, while they are frequently 
very thick in subterranean shoots. 

The length of successive internodes of an axis exhibits a certain regularity. 
Usually it increases on ascending a main axis and then diminishes. 

Leaf Arrangement (''^^). — The distribution or arrangement of the 
leaves is very characteristic of shoots, and exhibits great variety. 
One or a number of leaves may be borne at each node. When there 
are several leaves they form a whorl and are termed the members of 
the whorl, while the leaf arrangement is spoken of as VERTICILLATE. 
When there is only one leaf at each node the arrangement is 
ALTERNATE. A very remarkable and peculiar regularity is exhibited 
by the arrangement of leaves on all sides of erect shoots ; it is often 
at once evident when the growing point is looked at from above 
(Figs. 99, 104). The youngest leaf-rudiments adjoin the older ones 
in such a way as to best utilise the available space. The relations of 
position are best shown when they are plotted diagrammatically on a 
ground-plan. The position of the leaves is represented in the diagram, 
which is of a plane at right angles to the axis of the stem, as if the 
latter were conical and viewed from the tip; it is thus possible to 
indicate a higher position on the stem by a more internal position in 
the plan. Such ground-plans of leaf arrangements are called diagrams 
(Fig, 105). The centre corresponds to the apex of the stem; the 
leaves nearest to this are the youngest or uppermost, and those 
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successively older and lower. It 
le bv a circle : when there are several leaves at tire 
are represented on the same circle. _ Such diagrams 
gures of transverse sections of a bud in the neighbonr- 
: of the stem (Figs. 99, 104). rm-s-Tu nv 

.rs that EVEN AT THEIR APPEARANCE THE ^ N 

LL SHOOT ARE DISPOSED AS REGULARLY AS POs^SIBLE 
« S.» B.SUMSS TEAT THE EXEAEDEE lEAVES 

• ASOTHEB EOT MAKS THE FULLEST FOSSIBIE LsL M 

;,Ttrib„ti.E is » regnta a-V*",”? s SI 
leaves (e.a. in Fig. 105, leaves 1 '^nd - - anc ^ 


.^Transverse section 01.1 1 . c - leaves. The leaves rinrabered acc 

ijugti ccoMdetm% to their genetic sinLiuiice. (After 

BOnoEE.) 

ed as a fraction of the circumference, the divergence. 
t in different kinds of plants. 

llately-arranged leaves tlie angle of divergence oi 
fere Je divided by tlie number 

irl The members of successive whorls ao^n 

one another but alternate so that 

,„v.cn those of the whorl below (lig- 94. 

imhined with the eiiuality of the angle of d 

aves of such a shoot are arranged un twrot 
embers in each whorl (Pig. 106). These oi 
I OBTHOSTICHIES. A freiluent case o v 

■Is of two members (Pigs. 99, 106). la tbi, 


In the case of ver 
(Pig. 106) is the ci 
the same in each 
immediately above 
come above the intervals between 
result of this arrangement, com — 
in each whorl, is that the leaves < 
vertical rows as there are member 
or vertical ranks are termed oet 
arrangement is that of whorls of 
ment, which is tei-med dboussatb, 
is thus i, and there are four or_ 
whorl the angle of divergence is 
ortho sticliies. 
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When the arrangement of the leaves is alternate the divergence may he (Fig. 
107), i (Fig. 144), f (Fig. 105), (Fig. 104), etc. Here also, owing to the 
uniformity of the angle of divergence, the leaves will stand in orthostichies on the 
stem. With a divergence of leaf 4 will stand vertically over leaf 1 (5 over 2, 

6 over 3, 7 over 1, etc.) ; with a divergence (Fig. 105) leaf 6 comes over leaf 1, 

7 over 2, S over 3, etc. If one imagines the insertions of .successive leaves connected 
by the shortest line passing round the circumference of the stem, this line will be 
a spiral. The alternate arrangement of leaves is therefore also spoken of as 
SPIKAL ARRANGEMENT. The segment of this genetic spiral passing from leaf to 
leaf till one vertically over the starting point is reached is called a cycle of the 
spiral (e.t;. in Fig. 105 from 1-6 or 3-8), In the case of divergence the cycle 
consists of three leaves and passes once round the stem. In g- divergence (Fig. 
105) the cycle consists of five leaves and passes twice round the stem. In the 

fraction expressing a divergence the 
i numerator shows how often the cycle 

passes round the stem, and the denomi- 
nator how many leaves the cycle in- 
/y ^ eludes. The latter also indicates how 

\ many orthostichies there are and which 

3 / ^ J "N, ' \ found in the same 

m / ’ \ orthostiohy. For example, in a 


Fig. 107. -—Diagram of two-raiiked arrange- 
ment of leaves. The dotted lines are 
the orthostichies. (Modified after 
SStrasburger.) 


Fig. 106.— Diagram of the decussate arrange- 
ment of leaves. The dotted lines are the 
orthostichies. (Modified after Stras- 

BURGER.) 


divergence the stem will be passed round five times before the next superposed leaf 
is met with, there are 13 orthostichies, leaf 16 stands over leaf 3 (3-1-13), and over 
leaf 8, leaf 21 (8 -f 13). Since the denominator always indicates the number of ortho- 
stichies, the J divergence is also spoken of as two-ranked, the divergence as three- 
ranked, etc. When the leaves on a stem are crowded and in contact another series 
of ascending spirals becomes more prominent ; these are the parastiohies. They 
come about by the contact of those leaves the lateral distance between which on the 
axis is the least. The parastichies ‘ appear very clearly on pine-cones from which 
Fig. 108 is prepared as a somewhat diagrammatic view from the base. In this view 
the parastichies appear as spiral lines. Several systems of parastichies running in 
the same direction are clearly apparent. One of these (indicated by the unbroken 
lines I-VIII) goes in the direction of the hands of a clock ; two cross this system, 
one being a flat and the other a steep spiral, and these are marked by the two types 
of dotted lines. Two systems of equivalent parastichies that cross can be used to 
determine the divergence (cf. Fig. 108). Denoting any particular leaf by 1, the 
number of the next leaf.iii the parastiohy is obtained by adding to 1 the number 
of the oblique ranks of that system which pass round the stem. There are 8 
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parasticliies indicated by unbroken lines, so that the next leaf in this parasticisy 
is 1 + 8 = 9 and the next to this 9 + 8 = 17, etc. Taking the opposite system of 
spirals there are 5 marked by broken lines (13 marked by dotted lines), and thus 
the leaves in the system with broken lines , are 1 + 5 = 6, 6 + 5 = 11, and so on. In 
the dotted parasticliies, on the other hand, they are 1+13 = 14, 14 + 13 = 27, etc. 
This regularity depends on the fact that in every system of parastichies there must 
be as many leaves between the successive leaves of one parastichy as the remainder 
of the parastichies of that system. (This, in the system indicated by unbroken 
lines in Fig. lOS, is 7, and seven leaves intervene between 1 and the next leaf of 
the parastichy. This leaf must follow on 1 + 7 and therefore be number 9.) If 
all the leaves are numbered in this way the successive numbers 1, 2, 3, 4, etc., give 
the genetic spiral and the 
divergence. The pine-cone in 
Fig. 108 has the leaf arrange- . .. 

ment -jV? ^^iid in accordance 
with this the leaves 1, 22, ^ 

43 come above one another — . / 

i.e, in the same orthostichy. , 

When the divergences are 
determined in diverse plants 7 

with alternately - arranged ^ 1 

leaves it is found that certain j ' jV .y ^ 4 \ IWil ® 

divergences are particularly Ul S 

common. The series ■^, f, \ JA/ 1 / 

h -h, A, l-h etc., can thus be /I/ 

arrived at. These fractions / 

have an evident connection k Tv'V^^^ 

with one another ; the numer- 

ator and denominator of each 

are the sums of the numer- 

ators and denominators re- — 4 

specti^ely of the two preceding . . „ 

ThP divf*r<rences 108.-8emi-diagramriiatic view of a pimveone seen tram 

tiactions. ^ ine aiveij^enoes Divergence of scales ; I-V HI, system of para- 

of this senes ail lie between sticliies running in the direction of the hands of a watch ; 

and I of the circumference of 1-5, system of parastichies running in the opposite direc- 

the stem. They deviate the tion. For further description see the text, 
less from one another as the 

start of the series is departed from and approach more and more an angle of 
137“ 30' 28". This series is termed the main series of leaf arrangements. There 
are also other similar series, but the main series is characterised by tlie fact that 
by its divergences the most uniform spacing of the leaves on an axis is attained 
with the smallest number of leaves. The discoverers of this series were OAXih 
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tlie leaf surfaces can be placed liorizontallj and obtain favourable illumination. 
This is frequently attained by twisting of the internodes, wMch thus transforms 
a decussate into a two-rowed arrangement on inclined shoots. Similar changes 
occur in the ease of alternately-arranged leaves in relation to the best utilisation ■ 
of the light by the leaf surfaces. The position of the foliage leaves is nearly 
always an ada,ptation to the needs of the plant as regards light. In some 
horizontal subterranean shoots {c.g, of Ferns) the leaves stand in one row on the 
upper side. 

Practically nothing is knowui of the causes of the regularity in the arrangement 
of leaves. The assumption of Schwendenee that purely mechanical causes 
acting at the places of origin of the leaves determined the arrangement of the 

latter has proved to be unfoimded (^^). 
The leaves need not arise at the apex in 
the order of their genetic spiral, nor 
simultaneously as members of a whorl. 
Sometimes one' side of a growing point 
may even predominate in the production 
of leaf-rudiments. 

B. Primary Internal Struc- 
ture of the Stem The stem 
exhibits a much more advanced 
difFerentiation of tissues than the 
long shoots of even the most 
highly segmented thalli. On the 
outside a typical epidermis forms 
its boundary layer. Beneath this 
in the internodes (the nodes have 
a more complicated structure to 
be CGnsiderecl later) comes a zone 
of tissue free from vascular bundles 
and called the cortex. This sur- 
rounds the CENTRAL CYLINDER 
(Fig, 109), as the remaining tissue of the stem including the vascular 
bundles is called. 

It is practically desirable to maintain the conception, of a central cylinder even 
though in some Monocotyledons the cortex cannot be clearly distinguished from 
the central cylinder and the vascular bundles occur close below the ej)idermis. 

Cortex. — The cortex is mainly composed of parenchyma. In 
green aerial . shoots the. .peripheral, layers contain chlorophy 11, while 
those farther, in are ..„colourless . and . serve for storage rather than 
assimilation. In colourless subterranean stems, which often attain a 
greater thickness, it is composed of colourless parenchyma which, like 
the parenchyma of other regions of the rhizome, contains reserve 
materials. Mechanical tissue is also . developed in the cortex. The 
stem in aerial shoots sustains the weight of the leaves and is exposed 
to bending by the wind ; , it , must be sufficiently rigid against bending 
in all directions. This is attained by the aid of mechanical tissue as 



Fio. 100. — Transverse section of an intornode of 
tlie stem of Zea Mais. pr, Primary cortex ; pc, 
pericyele ; ov, vascular bundles ; gc, funda- 
mental tissue of the central cylinder, (x 2. 
After ScHEXCK.) 
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layers or strands of collenchyma or selerenchyma ; tin’s is placed as 
near to the periphery as possible, sometimes lying just below the 
epidermis of projecting 3'idges (Eig. Ill, 1, 2). 

ErGLDiTY AGAINST BENDiifG while the least possible mechanical material is 
employed is best attained by placing this in a peripheral position. Wlien a 
straight rod (Fig. 110) is bent the convex side elongates and the concave side 
is shortened. The outer edges, a and a', are thus exposed to tlie greatest 
variations in length, while nearer the centre i') the deflection o,iid consequent 

variations in length are less. If instead of the uniform rod the mechanically 
effective material were disposed as economically as possible, it should be brought 
close to the periphery. In this position it wdll oppose the greatest resistance to 
bending, and if bending takes place will be less easily torn or crushed than less 
resistant material. Every one knows how great is the resistance to bending of an 
iron tube, even wdth tliin w^alls. The builder attains a high level of resistance to 



Fro. 110.— 1. Longitiiiliiial section of an elastic cylinder, before bending (dotted outline) and after 
bonding (l:iea\'y’' outline). After bending the convex side («') is stretched and the concave side 
(a) compressed. /, Connecting tissue, 

2. When the connecting tissue (/) is not sufficiently linn, the bands of stereome (a, n') curve 
indeyiendently and remain unaltered in length. (After Noll.) 

bending by placing at the periphery of structures bars of mechanically effective 
materia] parallel to one another and to the longitudinal axis of the structure. 
These are called girders. It is essential that these giiibeus should be connected 
and kept at their proper distances from one another by a snfliciently rigid but 
elastic connecting tissue (Fig. Ill, 1). Each rod or girder then forms with the one 
lying immediately opposite an I-girder, the material wdiicli occupies the line 
between the two rods being the connecting material (Fig. 110). Were this 
connection wanting each rod wmuld be readily bent. In hollow structures, 
however, it is sulHcieut that the girders should be joined laterally. In large 
buildings the peripherally-placed bars have themselves the construction of I- 
girders, each being constructed of two connected bars. 

As SoH^VENDENETi (^■*) fiist sbow^ed, the mechanical tissues which render a 
stem rigid against bending are arranged so as to make the best use of the material. 
In many plants the mechanical tissue forms a peripheral hollow cylinder which 
may eitlier come next the epidermis or be more deeply situated (Fig, 112 pc ) ; in 
others there is a system of similarly-placed strands of mechanical tissue lying 
side by side (system of simple girders. Fig. Ill, 1.) ; the latter arrangement may be 
combined with the complete hollow cylinder (Fig. Ill, 2). In other cases each of 
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the periplieral. strands has itself the form of an I-girder (Fig. 111. B) ; only tlio outer 
bars of this consist of mechanical tissue, the connection being usually made by a 
vascular bundle (system of compound I-girders). These arrangements are on the 
whole better showui in the stems of Monocotyledons tlian in the primary structure 
of the stems of Dicotyledons and Gymnosperms. In the latter the rigidity can be 
increased by the secondary thickening. In stems which are green and carry on 
assimilatio]! the mechanical tissue is somewhat removed from the epidermis, being 
separated from the surface hy the green tissue for the functions of -which light is 
necessary ; in other cases the mechanical and assimilatory tissues share between 
them the peripheral position (Fig. Ill, 2). 

The innermost layer of cells of the cortex in the mature subaerial 


stems of land plants is not usually wspecialiv characterised. There is 



Fig. 111.— Bigidity against bending. 1. Transverse section of a young twig of ; c, collen- 

cliyma. 2. Part of the transverse section of a haulm of grass (MoUnia coerulea) ; Sc, ribs of 
sclerenchyrna ; Sc R, sclerencliymatous ring connecting them laterally ; A, green assimilatory 
tissue; MH, pith-cavity. S, Diagram of double -girder on a larger scale, g, g, Girders; 
/, connecting tissue represented by the vascular bundle, (1 and 2 after Noll.) 

then no sharp limit between cortex and central ^cylinder. This laj^^er 
may, however, be developed as a starch sheath, as a typical 
endodermis (especially in the subterranean shoots of land plants and 
in the stems of aquatic plants), or as a cutis. If developed as a 
STARCH SHEATH (si^ Fig. 112 B) its cells contain large, easily- 
moval^le starch grains. 

The starch sheath is often present in the young shoots only and disappears or 
remains limited to certain spots in the older condition. In place of a common 
starch sheath or endodermis such sheaths may be found around the separate 
bundles (Fig. 119 pp), or there may be single rows of cells containing easily- 
movable starch. 

Central Cylinder. — This is composed, of . various tissues. The 
parenchyma, in accordance with its deep-seated position, is almost 
& quite colourless, and serves mainly for conduction oih-storage. 
Sclerenchyrna frequently is present. The most important parts of 
the centrahcylinder are, however, the vascSxar BU which serve 
foV the carnage "bl wafe^ necessary salts from the roots to 



morphology 


96 


DIV. I 

j tiio f^fTipr hand conduct organic substances from the 
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inner portion, between the xylem of adjacent bundles, is formed of sclerencliyiTia. 
This contrasts with the outer parenchymatous portions situated in the region of 
the pliloern. 

Subterranean shoots and submerged plants which have to withstand pulling 
ibrces have their mechanical tissue more or less centrally placed ; it may be in 
the pith. 

Course of the Vascular Bundles. — In accordance with their 
functions the vascular bundles form continuous strands which in macer- 
ated preparations may be followed from the root-tips to the extremity 
of the leaves. This can be done by letting herbaceous plants lie in 
water until all the tissues except the more resistant vascular bundles 
have decayed and disappeared. 

The bundle of the root is traced to the base of the shoot, where it 
is continuous with the more complicated system of vascular bundles 
(cf. p. 137). The bundles in the stem may be traceable to the apex 
without passing into the leaves. Such bundles are termed CAULINE, 
and contrast with purely foliae bundles which immediately on 
entering from a leaf unite with cauline bundles. 

Thus in the Pteridopbyta there may be a network of cauline bundles or a 
single central bundle {Lycopodium, etc.) with which the foliar bundles unite on 
entering from a leaf-base. 

As a rule, however, the bundles of the shoot bend outwards into 
leaves and are common bundles, the upper portion of which belongs 
to a leaf and the lower portion to the stem. One or several such 
bundles pass into a leaf and foi'm collectively what is known as the 
leaf-trace. The vascular system of the stem in the seed plants consists 
as a rule entirely of these leaf- traces or common bundles. 

The stems of some Dicotyledons {Begonia, Aralia) possess cauline bundles in 
the pith enclosed by the circle of common bundles. At the nodes these cauline 
bundles, which may be arranged in a ring concentric with the common bundles, 
are connected with the latter. 

The leaf-trace bundles may remain separate from one another in 
the stem, but usually each descending bundle of the trace ends by 
joining another bundle that has entered from a lower leaf. A 
splitting or forking of the bundle may precede this junction. Such a 
reticulate arrangement of the bundles ensures a uniform distribution 
of the water supply, since each bundle of the stem as a consequence of 
its subdivision provides water to a larger region of the shoot. The 
general course of the bundles differs in different species according to 
the length of the free course of the single bundles of the trace, the 
course they follow, and the subdivision they undergo. The arrange- 
ment of the leaves fiaturally determines the places of entry of the 
leaf-traces into the stem. Their course in the stem is, however, quite 
independent of the leaf arrangement, and can be very different for one 
and the same type of this. , , , 
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In the tiorsetails, the Coniferae, and the Dicotyledons, all 
strands penetrate equally deeply into the stem to pass down this 
characteristic ring of bundles evident in transverse sections. Th< 
bundles in the internorle can thus be indicated on the surface of 
represented as if this surface were flattened in one plane. Comp 
at the nodes by the leaf- trace strands being joined by tram 
canliuG strands ; cross connec- 
tions of later development often ' Yj"'V T1 

occur in the internodes also. ~l — — i ^ lL-X 

A relatively simple example /. \ I I \ 

of the arrangement of vascular 1 ^ I \ 

bundles is afforded by the young i V ^ ”■ ^ 

shoots of Juniperus nmia {Mg, L Jl — I 5 k 

113), the leaves on which are in / 'jk 

whorls of three. From each T~ j y 

leaf a leaf-trace consisting of "~V — j 1 

a single vascular bundle enters !l__ f— r ^ 

the stem. This divides into o \ I I \ I I 


a. nS.—Diagram of the course 
of the vascular bundles in a 
young branch of JunlpBfm naiia 
shown on the unrolled surface 
of the cylinder. At 7.-, k the 
vascular bundles passing to the 
axillary shoots are seen. (After 
Gevlee.) 


>. 114.-— Diagrainniatic representation of the course of the 
vascular bundles in a young twig of Ttuus Imr.cttta. The 
tube of bundles is slit up at 1, and sytread out in oru^ 
jdane. 


two about the middle of the internodo below, and tlie portions diverge right and 
left to unite with the adjacent leaf-traces. The arrangement of the bundles in 
a young twig of Taxiis haccaia as shown in Fig. 114 is less simple, though in this 
case also the leaf-trace consists of only one bundle. Each leaf-trace can be 
followed down through twelve interiiodes before it joins on to another bundle. 
It first runs straight down for four interiiodes and tbeii bends aside to give 
place to an entering trace, with which it later unites. In Taxics the leaf 
insertions, and consequently the places of entry of leaf-traces, liave a divergence 
of An example of leaf-traces composed of three bundles is afforded by 
young branches of Clematis mticclla, the arrangement of the leaves on which is 
decussate. The median strands of the leaf-traces {a and d, <j and h, n and q, 
t and a? in Fig. 115) rim down through one internode, dividing at the next 
done into two arms which fuse with the adjacent lateral strands of the leaves 
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inserted at tliis node. The two lateral strands of each leaf-trace (Fig. 115 h^c\ 
e,/; /i, 'i; I, m; o,2y; 'i',s) are also free through the internode, but at the node below 
they curve in\Yards and become attached to the same lateral strands as the arms 

of the median bundle of the trace. 

The course of the bundles in the 
Monocotyledon s f o 1 1 o w s a w h oily 
different type (Fig. 116). The indi- 
vidual bundles of the leaf-trace fiehe- 
trate to different depths in the stem 
and thus appear scattered on the cross- 
section. This results from the prolongetl 
growth in thickness of the gro win g 
point after the procambial strand of 




Fig. 115. —-Clematis viiicella. End of a ' brancb. 
which, has been made transparent by the re- 
moval of the superficial tissues and treatment 
with caustic potash. The emerging strands 
have been slightly displaced by gentle pressure. 
The two uppermost pairs of young leaves (bl h 
U 2) are still without leaf-traces, v, Apical cone. 
(After Nageli.) 


Fig. 116. — Diagrammatic representation 
of the course of the bundles in the Palm 
type. Two-ranked leaves encircling the 
seem are shown cut in their median 
planes. The leaves (da, Bb, Cc) are 
cut across close to the base ; the capital 
letters indicate the median portion of 
each. The stem is seen above in trans- 
verse section. (After IIothert, adapted 
from Rostafinski.) 


the first and median bundle of the leaf is laid down. As a result of this 
the successively-formed procambial strands of the later bundles are placed less 
deeply. This arrangement is especially well marked in the Palms (palm type), in 
which each leaf-trace consists of the numerous bundles which pass into the stem 
from the leaf- base which completely . encircles the stem. The median bundle 
penetrates to the centre of the. stem,- the lateral bundles, as the median line of the 
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leaf is departed from, less and less deeply* In the longitudinal section of a stem 
in Pig. 116 only the median bundle for each leaf {A^ G) and one lateral bundle 
(oj, h, c) are represented. In their further downward course the bundles gradually 
approach tlie periphery of the stem, where they fuse with others. The number of 
internodes Vv’hicii each bundle traverses varies, being greatest for the median 
■■bundle. ' ■, 

Structure of the Vascular Bundles f®). — The bundles in ^ the 
stem are strands of tissue of circular or elliptical outline in cross- 
section and always consist of xylem and phloem, Le. are complete 
bundles (cf. p. 67). The sieve-tubes are the most important corn- 
ponentof the phloem portion ^ 

in^the stem^ (radial, concen- 
guished from one another 

a number of strands of xylem ^ , , 11 ,^ - * . 

I • n ir7. — Radial vascular bundle from tlie Him of 

and phloem ^Y^■llCh, as seen LyeoimlimiiHippuns, P, Pliloem; primary phloem; 
in a cross-section of the .r, xylem ; protoxylem. (x 30.) 
circular bundle, stand side 

by side, alternating with one another. Seen from the side the vascular 
strands run parallel to one another and to the longitudinal axis of the 
part of the plant. The strands of xylem may ineet in the centre of 
the bundle and so constitute a star-shaped mass as seen in transverse 
section. The ends of the rays are made up of the narrowest tracheides 
(protoxylem), while the vessels towards the centre are always wider 
(Fig. 117). The strands of phloem are situated in the depressions 
bet-ween the rays, the narrow protophloem elements being at the 
periphery. Radial bundles, though characteristic of roots, occur 
relatively seldom in stems and are always solitary, as for example in 
the stems of Lycopodium. 

In CONCENTRIC bundles a central strand of xylem or phloem is 
surrounded on all sides by a cylinder of phloem or xylem. The 
bundle may be distinguished as concentric with internal xylem when 
the xylem is centrally placed, and as concentric with outer xylem 
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when this tissue is peripheral. The bundles in most Pteridophytes 
(Fig. 119) are of the former type, those in the rhizomes or stems of 
some Monocotyledons (Fig. 118) of the latter. 

In the Pteridophytes the narrow elements of the protoxjdem (.^>) lie in groups 
in the strand of xylem, peripherally, centrally, or among the later- formed vessels. 
The xylem is siirrounded by a sheath of parenchyma (/^). Outside this comes a 
zone composed of sieve-tubes (v) and parenchyma (s), the narrow protophloem 
elements being situated at the outer edge of this. 

In COLLATERAL vascular bundles (Fig. 120 P^), which consist of a 
strand of xylem and as a rule a single strand of phloem, the xylem 
lies beside or rather behind the phloem. The median plane of the 

bundle is always placed radially 
in the stem, the xylem being 
directed inwards and the phloem 
outwards. The protoxylem in 
collateral bundles is usually 
placed at the inner edge of the 
strand of xylem, the proto- 
phloem at the outer edge of 
the phloem, as the bundle is 
seen in transverse section. Such 
collateral bundles are character- 
istic of the shoots of the Sper- 
maphyta and the Horsetails. 
Bicollateral bundles, in 
which the xylem is accompanied 
by a strand of phloem on the 

Fro. 118 .— Concentric vascular bundle with external inside aS Well aS On the OUfcside, 
xylem from the rhizome of CoTiVullciTici 'iiu'jjcilis, q,|sq OCCUrS aS for example in 
Phloem xylem ; s, protoxylem. (After ^ ^ 

RoTHEirr.) ^be stems oi Gucurbitaceae. in 

Monocotyledons the collateral 
bundles, like the radial and concentric vascular bundles, are closed, 
i,e. the whole bundle consists of permanent tissue, the xylem abutting 
directly on the phloem (Fig. 120 A). In Gymnosperms and 
Dicotyledons, on the other hand, the bundles are usually open, ie. 
the xylem and phloem remain separated by a lajT'er of meristematic 
tissue called the cambium (Fig. 121). 

In all vascular bundles the strands of xylem are mainly composed 
of narrower or wider lignified elements that serve for the conduction 
of water. These may he tracheides and tracheae, or only tracheides. 
They occur singly or in groups without intercellular spaces among 
narrow, living, elongated and often imlignified cells of the conducting 
parenchyma (xylem parenchyma), or are surrounded by a sheath of 
this tissue (Fig. 119 Ijp), Sclerenchymatous fibres are sometimes 
present in addition. In the Pteridophyta only tracheides are present, 
while in the bundles of Phanerogams bpth tracheaa. and tracheides 
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usually occnr. In all bundles the narrowest vessels are annular or 
spiral y the others are usually reticulated or pittedj but in the Pteii- 
(iophyta the elements, apart from the protoxylem, are sealariform 
(Fig. 70 A), 

In the strands of phloem of the vascular bundles (Figs. 119, 120) 
the sieve4iihes (r) which serve for the conduction of proteids are 
always, .'.accompanied by other living cells. 'These are either the 


Fro. no.— Transverse section of a eoneeiitrie bundle from the petiole, of Jieris cujnillna. .sv, 
ficalarifoniii vessels ; sp. protoxylem (spiral tracheides) ; .§0% part of a transverse wall .slinwin^' 
.sealariform perforations ; Ip, xylem, paruiichynia ; v, sieve-tubes ; pr, protophloem ; pp, starcb 
layer ; e, ondodermis ; s, phloi'm parenehyma. (x 240. After Steasburoer.) 


COMPANION CELLS (Fig. 120 s\ which are usually shorter than the 
elements of the sieve-tubes wdth which they connect by sieve-pits, 
companion cells together with other elongated parenchymatous cells 
(phloem parenchyma), or phloem parenchyma only (Fig. 119 s). 
When the latter tissue is present the sieve-tubes are embedded in it 
singly or in groups without intercellular spaces. 

Companion cells only occur in relation to the sieve-tubes of Angiospenns. 
They are sister cells to the members of the sieve-tube, cut off by a longitudinal 
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division, and later undergoing as a rule transverse divisions. They are narrower 
than the sieve-tubes themselves, and are further distinguished from them by their 
abundant protoplasmic contents. In some cases laticiferous- or mucilage-tubes 
occur in the phloem. 

The bundle as a whole is often' more or less completely surrounded 
by a BUNDLE. SHEATH. This may have the form of parenchyma 
without intercellular spaces, the cells often containing large starch grains 



Fio. 120 A. —Transverse section of a vascular bundle from tlie internode of a stem of Zen Mais. a, Riiiy; 
of an annular traclieide; sp, spiral traclieide; m and u', vessels with bordered pits; v, sieve- 
tabes; s, companion cells; opr, compressed protopbloera; I, intercellular passage; rf/, sheath ; 
/, cell of fundamental tissue, (x 180. After STitASBUiuasR.) 

(starch sheath) ; in other cases it is sclerenchymatous, or it consists 
of endodermal cells or of cutis tissue. It is not regarded as forming 
part of the vascular bundle itself. The sheaths frequently serve to 
limit the conduction of material to the vascular bundle. Sclerenchy- 
matous sheaths are most common at the outer side of the phloem, 
forming semilunar masses (Fig. ,120 J, 121 and. are especially 
developed in relation to the outermost bundles when these have a 
scattered arrangement. 
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When a sclerenchjniatous sheath surrounds a collateral bimdlt* ii- is lVir-"_.iicnrly 
inteiTii])ted at tlie sides, opposite the junction of the xylein and I'hloenn by 
parenchymatous or less thickened and lignified eloineiits. Tht>e lon,^ strlp.'f 
facilitate the exchange of water and nutritive substances between tlu.i bnndh^ and 
the surrounding tissues. 

Ill order to understand the construction of the vascular bundles 
and the differences between the various types their ontogenetic 
development must bo taken into consideration. The primary vascular 
bundles are developed from strands of elongated meristematic cells. 
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Fig.* 120 j 5 ,— Long'itiidinal section of a vascular 'bundle from the stem of Zm Mad*'- a and a\ Bings 
of an annular traclieide; sieve-tubes; s, companion colls ; piotopbloem ; Z, intereellniar 
passage; sheath ; sp, sxnral traclieidos, (x 180 . After Strasbu roue.) 


In these the differentiation of the tissues proceeds gradually over a 
period of time. So long as' the portion of the plant is still growing 
actively in length the main portion of the strand of meristem remains 
undifferentiated. Only at limited regions of the strand, usually at 
the outer and inner margins, are a few elements transformed into 
permanent tissue. These elements, which are suited to undergo 
stretching, are on the one hand annular and spiral tracheides, and on 
the other sieve-tubes with or without companion cells. They form 
the protoxylem and protophloem respectively. Only when growth 
in length is finished do the bundles become fully differentiated, the 
differentiation proceeding from the protoxylem and protophloem. In 
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the xylem there is a succession of annular, spiral, reticulate, and finally 
pitted vessels (Bhg. 120 B). The first-formed elements of xylem and 
phloem have ceased to be functional in the fully-developed vascular 
bundle. The protoxylem elements are then frequently compressed 
or torn by the stretching (Fig. 120 J, at a, a'\ and in some cases their 
place is taken by a lysigenous intercellular space (Fig. 120 1). The 



Fin. 121.— •Trari.sver.'ie section of an open collateral vascular bundle from a stolon of Ka.nuncvlua 
repuns. s, Spiral tracbeides ; m, vessel witk bordered pits; c, cambium; v, sieve-tubes; vg, 
sheath, (x ISO. After Strasburgeb.) 

walls of the protophloem elements (cp) are swollen and their sieve- 
plates closed by callus. , 

In radial bundles the differentiation proceeds, in accordance with 
the position of the first formed elements in the strands of xylem and 
phloem, from the periphery towards the centre. In collateral bundles, 
on the other hand, the elements are developed in succession from the 
protophloem on the x)utside and the protoxylem on the inside towards 
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tlie,,Biiddle, of, tlie bimdle. ' If the iiieristein is' completely used up in 
this: process a closed collateral bundle results;' if some remains between 
the xyleiii and pbloeni the bundle is an open one. In concentric 
bundles the development does not follow a . single type, and in 
accordance with, this .the position of .the protoxylem and protophloem 
IS various, , 

Bundles in wliicli the protoxylem is situated at tlie, inner margi'n o:f. the xyleia 
(in collateral bundles) or in the centre, as is often the case in coiiceriti’ic bundles,, 
are termed, eiidarcli. When the protoxylem elenieiits are at the outer margin of 
the xyleni, as in radial bundles, it is spoken of as exarch. When the protoxylem is 
in, one or more groups removed both from the inner and outer margin of the xylem 
it is mesarch, r.p. in the petiolar bundles of the Cycadeae or in eoneeiitric bundles ; 
the protoxylem in tins case is embedded among the wider vessels. 

It is not at present known what relation holds between the aiTaiigement of 
xylem and phloem and the requirements of conduction in the plant, and whether 
any one of the three types of bundle, c.y. the collateral, is superior in this 
respect 

The phylogeuy of the types of bundle is also not clear. All the evidence points 
to the assumption that a stem with a single central vascular bundle is relatively 
primitive. Such a bundle is found in the stems of a number of living and extinct 
Pteridophytl. and in all roots. The simplest and phylogenetically oldest type of 
vascular bundle a] (pears to he the concentric bundle with a solid central strand of 
xylem ; at least this appears to be present in the young plants of nearly all existing 
Ferns. The radial bundle also may be a very aiicient type, as is suggested by its 
constancy in the roots of all living and extinct cormophytes so far as our knowledge 
extends and in the stems of some cormophytes. iSTo other type of bundle is found 
in both steins and roots. The variety as regards the construction and aiTangement 
of the bundles, which is met with in the shoots of Pteridophyta as contrasted with 
the Spennatophyta, leads to speculations upon the mode of origin of these various 
types of construction from stems with a single concentric bundle. There are stems 
in which the vascular tissue of the single central bundle has the form of a hollo'w 
cylinder enclosing a central strand of parenchyma or pith (Gleicheniaceae, 
Schizaeaceae). In others the hollow cylinder of xylem is lined with an internal 
zone of pliloem {e.g. Marsilia). Lastly, there are cases in which the hollow 
vascular cylinder is perforated by rhombic leaf-gaps at the dejtarture of the leaf- 
trace bundles {e.g. Aspidium filix mas). In tliis last case a cross-section of tlie 
stem shows a number of typically constructed concentric bundles, with solid central 
strands of xylem, arranged in a circle. There are also forms in which a cylinder 
of xylem immediately .surrounding the pith is divided by radial plates of parenchyma 
into a number of longitudinally-running strands of xylem xhaeed side by side, the 
whole being surrounded by a continuous zone of phloem {e.g. Osinunda). Lastly, 
there are cases in wdiich the phloem is correspondingly divided so that the radial 
plates of parenchyma separate, as medullary rays, the collateral strands composed 
of xylem and phloem {6,g. rhizome of OpMoglossum). Tiiese examples show how 
either a reticulate tube of concentric bundles or a hollow tube composed of 
collateral bundles can be derived from a centrally-placed concentric bundle. If we 
assume that the phjdogenetic development has proceeded on these lines, it is 
clear that neither one collateral bundle of the Spennatophyta nor one of the 
circle of concentric bundles found in many Ferns is homologous with the central 
bundle of ‘‘ primitively constructed Pterido^Dhyta. The totality of collateral or 
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concentric brindles in snclx stems would be bomologous witli tlie single central 
concentric or radial bundle. According to this assumptionj which is the essential 
of the STELAK THEOKY the Single central bundle is termed the stele, and the 
circle of collateral or concentric bundles with the enclosed pith would also be 
regarded as a stele since it is derived from the primitive stele. A single bundle 
may therefore represent the whole stele or a part of the stele. There is usually 
only one stele or central cylinder in the stem of the Spermatophyta (monostely). 
Oases are, however, met with when the stele is divided (polystely) as in the stems 
of Azcricula OT-Gunnera. 

(y) The Leaves, l; Development of the Leaves. — The leaves 



Fig. 122 . — Acer platanoides. A, External view of a bud, with two young leaves between which the 
apical cone of the stem is visible ; sp, the leaf-blade, in which live segments are indicated, 
the uppermost one being developed first ; st, the zone, by the growth of which the leaf-stalk 
will arise later. B, An older leaf seen from the side ; the young vascular bundles, which will 
later determine the venation, are indicated. G, Fully-grown leaf, with the course of tlie 
vascular bundles indicated diagrammatically. D, A transverse section of the basal portion of 
a bud showing three vascular bundles in each leaf. E, A similar section at a higher level ; 
the number of vascular bundles has increased by braiicliing. (After Dkineoa, from Goebel’s 
OrganogmjJhy. A, B, and E slightly magnified.) 

have been seen to arise exogenously at the growing point of the stem 
as lateral papillae or bulges (Fig. 98, 102/), which to begin with are 
unsegmented. These are the leaf primoedia (Fig. 125 h). 

Usually a young leaf occupies only a part of the circumference of the 
apex, but it may encirble the latter as an annular ridge. Several 
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leaves forming a wiiorl may arise in the same way and only latf-r 
appear as distinct structures on the ring-shaped outgr<Artb. ‘When 
vdiorled leaves aiisc independently they may cither a})pear -dninl- 

taneoiisly or, us is lum-e 
j common h" the case, in sue- 

■' cession 

: ■ /In .rare- eases a leaf iiioy ' 
tvni3maI:on,il:ie, giOTiiig 

While the sliuot hy means 
(jf its growing point has a,n 
: ■ unlimited ■gi'owth, the gia^wth^ ' 
.. .of the. leaf priiiiordia., whfcdi 
only continues, at their 'tip,S; 

■ .for' ; a short ■. iiin e, ■ is , .liini.ted.., 

.. The tip,', which' o.fte.n develops'- ., 
more .rapidly tha.!!'- the rest of ' 




.Tc , M /I. 




Fig. 1-23.— Lily of the Yulley {Conmllaria majalis), nd, 
Scale leaves ; lb, foliage leaves ; hh, bracts ; h, flower ; 
v's, rhizome; aw, adventitious roots. (Somewhat 
reduetjd. After Stkasruroer.) 


Fi< 4. 124. — Bird Cherry {Pruufiit 

ai'ifLm). Bud-scales (1-3) and the 
transition forms (4-0) to the foliage 
leaf (7) ; sp, leaf-blade ; s, leaf-stalk; 
nh, stipules. (Reduced slightly. 
After ScHENoK.) 


the leaf, is first transformed into permanent tissue. This assists in 
the protection of the youngest parts of the hud, a function which has 
already been seen to be undertaken by the leaves. The further growth 
of the leaf, is as a rule effected by intercalary growth. Most frequently 
the change' into permanent tissue proeeieds from the tip towards the 
base. The growth is thus greatest and most prolonged in the leaf- 
base, where it continues until the leaf is fully developed. 
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Tlic more rapid development of the leaf- tip is most striking in some tropical 
])lants, especially in climbers. In this case, according to M. Raoiborskt, these 
fore-rminer tips ” perform the functions of the leaves before the remainder o[ the 
leaf has attained the mature condition. 

Well-marked and long-continued ap)ical growth is found in the leaves of some 
Ferns. , 

JF’ehmischia mfm/rZ/is behaves in h peculiar w'ay unlike all other cormophytes. 
Above the cotyledons only a single pair of foliage leaves is formed. The basal 
zones of these grow in each annual p)eriod while the ends of the leaves are gradually 
withering. 

2/ DifFemit Forms of Leaves. — The leaves of the shoot have very 
diverse functions and are correspondingly various in their form on the 

same stem, although in their 
origin they are alike. 

The main axis of the 
seedling hears first the COT V- 
LEBONS or seed-leaves which 
are situated on the hypocotyl 
(Fig. 158) of the embryo 
while it is yet in the seed. 
In the Monocotyledons there 
is only one such leaf, while 
the Dicotyledons and some 
Gymnosperms have two 
cotyledons and some Gymno- 
sperms have more than two. 
Following on the cotyledons 
in the case of subterranean 
stems, and often also in those above ground, come a number of scale 
LEAVES (Fig. 123 nd), then in the case of aerial shoots the foliage 
LEAVES (lb), and still higher simply formed bragteal leaves (hb). 
The foliage leaves may be first considered since the other forms have 
arisen by transformation of these. 

A. The Foliage Leaves exhibit a great variety of form and 
segmentation, and these characters are largely employed in descriptive 
botany. They may be simple as in the needles of Coniferae ; in this 
case the primordial leaf has only to increase in size and lengthen. As 
a rule, however, the foliage leaf is segmented into the flattened, thin, 
bright-green leaf-blade (lamina. Fig. 124 sp), which is often 
inaccurately spoken of as the leaf ; the stem-like leaf-stalk (petiole, 
Fig. 124 6’); and frequently also into the STIPULES (nh) attached to 
the LEAF-BASE close to the stem or into a leaf-sheath (vagina, Fig. 
133 v) more or less completely surrounding the stem above the node. 
When the leaf- stalk is wanting the leaf is termed sessile; when 
present it is petiolate. The segmentation is recognisable at an early 
stage in the primordial leaves, which are differentiated shortly after 



Fig. 125.— Development of the leaf in the Elm, Ulmiis 
citnipestris. A, Showing the vegetative cone, r, with 
the rudiments of a young leaf, h, still uusegniented, 
and of the next older leaf, exhibiting segmentation 
into the laminar rudiment, o, and leaf-base, ij. B, 
Showing the older leaf, viewed obliquely from behind. 
( X 58. After Strasburger.) 
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their origin into the leaf-base (Fig. 125 A and i>*, if) and the 
leaf (Fig. 125 A, If o). From the leaf-base the stipules (ff) arise or it 
forms a ieaf-sheath or a thickened pnlviniis. Frerpiently it undergoes 
no special further development and is not clistinguishalde in the 
mature leaf. The leaf-blade (Fig. 116 sp) is developed from the 
upper leaf, and so also when this is pi’esent is the leaf-stalk (A^ s/). 
The latter develops relatively late hy intercalary growth and is thus 
intercalated between the alread}^ present leaf-blade and leaf-base ; it 
is never inserted directly on the stem. 

(a) The Leaf-blade. External Form (Fig. 127). — The leaf-blade^ 


b — -o 


rn. 1*27. — Diagram of a fuliago leaf, 
a, Surface view. i>’, Trans verso 
section ; s, plane ol' symiufjtry. 
(After Strasbcroob.) 


Fig. 126.— -Leaf of Crataegus witli reticulate 
venation, (| iiat. size. After Koll.) 


which is as a rule definitely dorsiventral and of a deeper green colour 
on the upper side, may be entire or divided (Fig. 122 G), or composed 
of a number of leaflets. Such compound leaves arise by a process 
of branching from the margins of the primordia (Fig. 122 A), or 
occasionally, as in the Palms, by splitting of the young lamina as it 
unfolds. The leaves of Monocotyledons are usually simple, while 
compound leaves are common among Dicotyledons. 

A leaf-blade is termed peltate when the leaf-stalk appears to he inserted 
centrally (Fig. 242). The margin of simple leaves (Figs, 123 Ih, 124 sp) may be 
ENTiJJE or slightly divided, and in the latter case is described as serrate, dentate, 
etc. If more deeply divided the leaf is described as lobed when the divisions do 
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not extend half-way to the middle of the leaf-blade, when they reach half-way as 
CLEFT (Fig. 135 sb)i and when still deeper as partite (Fig. 137 I). The lamina 
is PALMATE (Fig. 137) or pinnate (Fig. 136, 1-5), according to whether the 
divisions are directed towards the base of the leaf-blade or towards the midrib. 
Only when tlie separate divisions are so independent that they appear as distinct 
leaflets borne on a common petiole or on the original midrib is the leaf spoken of 
as COMPOUND (Fig. 136, 1-5) ; in all other cases it is termed simple. 

The leaflets of a compound leaf may be so segmented during their development 
as to resemble the main leaf, and in this way a leaf may be doubly or triply com- 
pound or more highly segmented. Simply pinnate or bi-pinnate leaves (Big, 136) 
bearing leaflets on the two sides of the rachis of the first or second order are of 
frequent occurrence. The leaflets of a compound leaf may be entire or more or less 
deeply incised. They may be inserted directly on the rachis or be stalked, and in 
some cases, e.g. Phaseohts (Fig. 132 fg)j Eobinia, Mimosa, be provided with 
swollen puMni at their bases. 

In laminae, which become more or less branched during their development, the 
lateral divisions usually arise in basipetal order, i.e, proceeding from the tip 
towards the base, but the opposite (acropetal) succession or a combination of the 
two are also met with. The divisions of palmate and pinnate leaves of the Palms 
arise by a relatively late process of splitting within the originally entire, enlarging 
lamina. The direction of the dividing lines is determined by the folding of the 
young leaf-blade (®^). 

Sessile leaves usually clasp the stem by a broad base. Where, as in the case 
of the Poppy {Fajpava' somniferum), the leaf-base surrounds the stem, the leaves 
are described as amplexicaul ; if, as in species of B'a;pleurum, it completely 
surrounds the stem, the term perfoliate is used. If the bases of t'wo opposite 
leaves are united, as in the Honeysuckle {Lonioera ca;prifolium), they are 
-said to he connate. Where the blade of the leaf continues downwards along 
the stem, as, in the winged stems of the common Mullein {Verhascum thapsiforme), 
the leaves are distinguished as deourrent. 

The leaf-blade is traversed hy green nerves or veins which form 
a branched net-work The thicker ribs project more or less from the 
surface on the lower side of the leaf, the upper surface often showing 
corresponding grooves. The finer veins become visible when the leaf- 
blade is viewed by transmitted light. Frequently the' nerve in the 
middle line of the lamina is more strongly developed and is then termed 
the midrib ; in other cases several equally developed main nerves are 
present (Fig. 122). Lateral nerves spring from the one or more main 
nerves (Fig. 126). 

The course of the nerves determines what is known as the venation of the 
leaf. The leaves of most Coniferae are uni-nerved. In leaves with more 
numerous veins, the dichotomous venation must be distinguished as a special 
type which is characteristic of many Ferns and is also found in Ginlx-go biloha ; 
there is no midrib present in this case. Most. other leaves can be distinguished 
according to their venation as parallel veined or netted veined. In parallel 
venation the veins or nerves run either approximately parallel with each other or 
in curves, converging at the base and apex of the leaf (Fig. 133 s) ; in netted 
veined leaves (Fig. 126) the veins branch off from one another, and gradually 
decrease in size until they form a fine anastomosing network. Im leaves with 
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parallel venation the parallel main nerves are usually iiuited by weaker 
veins. iJ^Tettod or reticulately-veined leaves in wiiioh the side veins run from 
the median main nerve or .MiniiiB are further distinguished as pinna tely VEiNim 
(Fig. 126), or as palma'I’KIA" veined (Fig. 122, 135 s/j), when several equally strong 
ribs separate at the base of the leaf- blade, and give rise in turn to a network of 
weaker veins. Parallel venation is characteristic, in general, of the I'^Iouo- 
cotyledoiis ; reticulate venation, of Dicotyledons and of some Ferns, 

Internal Stnietupe. — In structure foliage leave.s exhildt consider^- 
able variety' but are usually markedly dorsiventral (bifacial), the tissues 
towards the u})per side being different from those below (Figs. 127, 
130 ). 

Many leaves, however, are similarly constructed above and below (equifaeial, 
centric, Figs. 187, 193). This is the case especially in forms whicli grow in 
relatively dry situations, exposed to strong sunlight, but also occurs in submerged 
aquatic plants. 

(a) Nfr VE 8. — Within the nerves, or veins one or more vascular 
bundles rim. The abundant branching of these bundles to form a 
fine network is very characteristic of ^ 

the leaf -blade and is shown clearly in -ii 

leaf skeletons obtained by macerating 
leaves. 

The structure of the vascular bundles " \ 

ill the lamina corresponds on the whole 
to that seen in the stem. In Phanero- 
gams the bundles are usually collateral, 
and since they are continuations of the 
leaf-trace bundles from tlie stem the 
xylem is directed towards the upper, 
and the phloem towards the lower 
surface of the leaf. 

The xylem parenchyma of the bundles in 
the leaf usually forms flat x^ates, which in 
cross-section appear as radial rows of cells in 
the vascular tissues. 

As the bundles continue to ramify in the 
leaf-blade they become smaller and simpler in, 

structure. The vessels first disappear, and only igg. _ xerminattoi, of a vascular 
spirally and reticulately thickened tracheides bundle -hi a leaf of rmpnt tens parvi- 
remain to provide for the water conduction. flora. <x 240. After Schexck.) 

The xfliloem elements undergo a similar reduc- 
tion. In Angios]>erms, in which the sieve-tubes are accomjianied by companion 
cells, the sieve-tubes become narrower, whilst the companion cells retain their 
original dimensions. Finally, in the cells forming the continuation of the sieve- 
tubes, the longitudinal division into sieve-tubes and companion cells does not take 
place, and transition cells are formed. With , these the phloem terminates, 
although the vascular portion of the bundles still continues to be represented 
by short spiral tracheides. The ultimate branches of the bundles terminate blindly 
(Fig. 128). 
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The bundles are suiTOiirided by parenchymatous sheaths, which 
are composed of a number of layers of ceils in the thicker nerves but 
of a single layer only in the finer branches. The cells of these sheaths 
are as a rule elongated and have no intercellular spaces. Strands of 
sclerenchymatous fibres are frequently present on one or both faces of 
the bundle (Fig. 129, 1), especially on the phloem side. Here, in the 
case of the larger bundles, the strand of sclerenchyma is curved ; in 
cross-section it occupies the projection of the rib to the under side, and 
serves to give rigidity against bending to the lamina. In some leaves 
strands of sclerenchyma also occur between the bundles (Fig 129, 1) 
and also at the leaf-margin. Such sclerenchymatous or colienchymatous 
strengthenings of the margin are protective against shearing forces 
that would tend to tear the lamina (Fig. 129, 2). Large leaf-blades 



Fig. 12‘J. — Leaf of tenax. 1. Traiisver.se section ; Sc, plates and strands of sclerenchyma ; 

A, green assirnilatory parenchyma ; H, hypoderma serving for water-storage ; W, colonrle.ss 

mesophyll (internal water-storage tissue), 2. Edge of the .same leaf ; E, thidk brown epidermis ; 

E, marginal strand of sclerenchyma fibres. (After Noll.) 

which lack such marginal protection are torn by the wind {e.g. the 
Banana). 

(b) Epidermis and Mesophyll. — The foliage leaf is bounded on 
ail sides by a typical epidermis. In this, especially on the under side, 
there are numerous stomata, while on the upper side they are often 
absent {e,g. in almost all deciduous trees). 

On the under side there are on the average 100-300 stomata to the square 
millimetre, but in some cases more than 700 may occur. Isolateral leaves as a 
rule have stomata on both sides and floating leaves only on the upper surface. 

The tissue of the leaf-blade between the upper and lower epidermis 
in the intervals between the ribs consists mainly of parenchyma and 
goes by the name of mesophyll. The finer vein.s are embedded in 
it. Beneath the upper epidermis (Fig. 130 ep) come, as a rule, one 
to three layers of cylindrical parenchymatous cells elongated at right 
angles to the surface. These are called palisade cells (Bhg. 130 pi), 
contain abundant chlorophyll, and have intercellular spaces between 
them. They constitute an assirnilatory parenchyma. The cells often 
converge below in groups (Fig. 130) towards enlarged collecting 
cells (s). 

In the leaves of many trees, e.g. the Copper Beech, differences in the thickness 
of the palisade layer are met with, its depth being much less in the shade-leaves ” 
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tlian in the sun-leaves.” According to Nobbhausen’s investigatioiis however, 
no direct infiuonce of the illumination exists. There are also plants {ljj. Lfiduca 
seariola) which only form palisade cells in strongly iiluiBinated leaves. 

Ill some plants layers of cells placed parallel to the surfoce instead of at right 
angles to it are found in the usual situation of the palisade tissue. In the leaves 
of the Pine ami some other plants the same position is occupied by large, more or 
less isodiametrie cells the internal surface of which is considerabl}^ increased by 
foldings of the cell walls. 

Below the palisade parenchyma comes what is known as the 
SPONGY PARENCHYMA {sp)^ which extends to the lower epidermis (ep). 
The spongy parenchjmia consists of irregularly -shaped cells -with 
wide intercellular spaces and less chlorophyll than in the palisade 



Fig. 1.S0.— Ti’ausverse section of a leaf of Fagm sylvatica. e;py Epidermis of upper surface; ep'% 
epidermis of under surface ; ep"', elongated epidermal cell above a vascular bundle ; pi, i>aii.sade 
parenchyma; s, collecting cells; sp, spongy parenchyma; k, idioblasts with crystals, in ¥ 
with crystal aggregate ; sf, stoma, (x 360. AfteitSTRASBUEOEK.) 

tissue. The wide intercellular spaces stand in immediate relation to 
the stomata of the lower epidermis and serve for the transport of gases 
to the palisade cells. 

Habeblandt has estimated the number of chloroplasts per square millimetre 
of a leaf of Micimis to be 403,200 in the palisade parenchyma and 92,000 in the 
spongy parenchyma. Thus in tliis case 82 per cent of the cliioroplasts would belong 
to the upper and only IS per cent to the lower side. 

Colourless water -STOBA aE tissue is frequently present in the mesopliyll 
(Figri29 W), It may be surrounded by the assimilatory tissue or be situated 
externally to this below the epidermis. In the latter case the -water- storage tissue 
usually consists of the more internal cells of a many-layered epidermis. 

Epithema and Water -stomata (®^). — The mesophyll of the leaf -blade in 
certain families of Monocotyledons and Dicotyledons forms peculiar structures 
between the swollen ends of vascular bundles and the epidermis. They are com- 
posed of small living cells with colourless cell, sap, the intercellular spaces being 
filled with Avator. These masses of tissue go by' the name of epithema and bring 
about the excretion of drops of liquid water. In this process their function is 
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mainly passive, since they represent places where the resistance to filtration is 
least. The tracheides terminate in this epithema, and in the overlying epidermis 
there is a peculiarly -constructed stomatal apparatus in the form of water- 
PORES (Fig. 131), which are of larger size than ordinary stomata. The guard 
cells usually lose their living contents and the pore then remains permanently 
and widely open. The thickened ridges so characteristic of the guard cells of 
ordinary stomata are usually lacking. The excreted liquid frequently contains 
calcium carbonate, which ma}^ remain as a white incrustation over the water- 
pores, as, for example, on the leaf margin in many species of Saxifraga, 

At the tip of young leaves and of their marginal teeth such water-pores and 
epithemata frequently occur, but are dried up on the mature leaf. Water-pores 
also are found at the leaf- tips of submerged plants from which ordinary stomata 

are absent. They tend to perish 
early, breaking down with the ad- 
joining tissue to leave open pits by 
which water and dissolved substances 
may be expressed. 

Functions of the Leaf- 
blade. — The leaf -blades, as 
already mentioned, are the 
most important organs of nutri- 
tion, Le. assimilation, and also 
of transpiration in cormo- 
phytes. Their form and struc- 
ture, their arrangement, and 
the position they assume with 
regard to the direction of the 
light, correspond to this. Since 

Tropaeolmii 'majiis, with surroiiuding epidermal the decomposition of Carbon 
cells. (X 240 . After strasburqer.) dioxide is dependent both on 

light and on the presence of 
chlorophyll, the green colour of the lamina, the large surface exposed 
by it, its relative thinness and dorsi ventral construction are readily 
understood. The large surface enables a greater number of cells con- 
taining chlorophyll to be exposed to the light without shading one 
another ; it also enables the carbon dioxide to he obtained from the 
small proportion in the atmosphere, and at the same time facilitates 
the loss of water vapour in transpiration. Since the passage of light 
through a few layers of cells filled with chlorophyll renders it 
ineffective for decomposing carbon dioxide in the deeper layers, the 
assimilatory tissue is placed towards the upper surface of the leaf- 
blade. The carbon dioxide is mainly taken into the leaf through the 
stomata of the lower surface. It can thus diffuse rapidly through the 
wide intercellular spaces of the spongy parenchyma, which is essentially 
a ventilating tissue, to the active assimilatory tissue of the upper side. 
This will take place more rapidly the thinner the leaf is. 

The extensively-branched network of vascular bundles ensures the 
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rapid passage of the products of assiniilation from the assimilatory 
cells of every part of the leaf to the stem. At the same time it 
facilitates the most direct supply of water to all parts of tlie transpir- 
ing leaf-])liide ; the leaf-ldade serves for giving off water, while the 
stem serves for conduction of water. Lastly, the venation increases 
the rigidity of the lamina. 

It has been seen that the leaves are so arranged on the stem that 
the leaf-blades, which on erect shoots have a more or less horizontal 
position, are exposed to the light with the least shading by one 
another. Many leaves can place their blades at right angles to the 
incident light by their power of movement. In the case especially of 
dorsiventral, plagiotropons branches the leaf-blades seen from above 
are found to fit together 
more or less closely 
in a LEAF MOSAIC, the 
upper surfaces of all 
being exposed to the 
light. 

(b) The Leaf-stalk 
usually resembles a 
stem, and in its internal 

construction agrees Fxg. 132.— Imparipinnate leaf of Pkaseolns 'ivifch puhiiii. hj. Main 
with the midrib ol* the at base of petiole ; frjt pulvinus of one of the pinnae. 

leaf-blade or sometimes 

with the stem. Typical assimilatory tissue is wanting, and the vascular 
bundles in the case of Angiosperms are usually arranged in an arc 
■' open above. The leaf-stalk serves to carry the leaf -blade away from 
the stem and to place it suitably with respect to the light. 

These movements of adjustment of the leaf to the light are sometimes carried 
out by special localised swellings at the base or the summit of the leafstalk, or 
in both situations. These leaf-cushions or ruLviNi work like hinges and occur 
in many Leguminosae (Fig. 132). 

Stalked leaves, which are more frequent among Dicotyledons than in Monocoty- 
ledons, either have the lamina sharply marked off from the petiole or the one 
passes gradually into the other, the petiole appearing more or less winged. When 
leaves are arranged in a rosette the stalks of the lower leaves are often so long 
that the laminae borne on them are not shaded by the upper leaves. This is 
shown very beautifully in the floating rosettes of the Water Hut {Trapa natans). 

(e) The Leaf-base — When the leaf -base of a foliage leaf is 

specially formed, it usually serves to protect the bud and the younger 
leaves, enclosing the bud after the leaf-blade has unfolded. 

Stipules are frequently developed from the leaf-base ; they stand 
one on either side of the leaf to which they belong, forming a pair. 
They may be inconspicuous (Fig, 124 nh) or larger, and yellow or 
green in colour. When they serve only to protect the bud they are 



116 


BOTAISTY 


PAET. I 


usually yellowish or brown, more simple in their strueture than the 
leaf-blade, and are soon shed. 

The two stipules in such cases are fre<iuently more or less completely united to 
fonn a single structure standing in the axil of the leaf. They may also surround 
the stem and form a closed tube which encloses the younger leaves of the bud. 
This is the case in the India Rubber plant {Fims elastica) which is frequently 

grown in dwelling-houses ; in this the sheaths 
are broken off at their bases and carried up on 
the next younger leaf as it unfolds. In the 
Polygonaceae they are broken through and 
remain as dry sheaths (oohrea, Pig. 617) sur- 
rounding the stem. 

When the stipules take part in the 
assimilation of carbon dioxide they are 
green and resemble the leaf-blade in 
structure (Fig. 209). 

In some species of Galium in which the 
stipules completely resemble the leaf- blades, 
there is an appearance of whorls of foiu, 
six, or eight leaves ; in reality the arrange- 
ment of the two leaves is decussate, each leaf 
having one or more pairs of stipules according 
to the species. Only the two leaves have buds 
in their axils. 

The leaf-base may form a sheath ; 
this is more commonly the case in 
Monocotyledons than in Dicotyledons. 
In the Grasses (Fig. 133 'y) the sheath 
is split along one side, but in the 
Cyperaceae it is closed. The sheath of 

Fig. 133,--Part:ofstemaiid leafofagrass. the grasS leaf, which encloses and SUp- 
h, Haulm ; leaf-siieath ; fc, swelling ports the lower delicate portion of the 

of tlie leaf-slieatli above the node ; i i * , .i 

part of leaf-blade ; I, liguie. (Nat. size, growing iiiteriiode, contiiuies at the 

After ScHBNCK.) base of the sessile lamina into a mem- 

branous outgrowth called the ligula { 1 ) ; 
at its base immediately above the node the sheath is swollen 
(Fig. 133 Ic). 

Anisophylly and Heterophylly. — Some plants bear diversely- 
formed foliage leaves either in different zones of the stem (hetero- 
phylly, Fig. 135) or in the same zone, but on the two sides of the 
shoot which thus becomes dorsiventral (anisophylly, Fig. 134). 
Asymmetry of the leaves is often associated with anisophylly. Many 
water-plants exhibit heterophylly, having ribbon-shaped or highly- 
divided submerged water-leaves adapted to life in water and less 
divided stalked aerial leaves (Fig, 135), The leaves which the Ivy 
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forms on the flowering shoots are essentially ditfereiit in forio from 
those which the plant has previously borne. This difference is even 
more marked in Eucalyptus glohihu^ which first bears oval sessile leaves 
and then sickle-shaped leaves. Not uncommonly the lowest leaves 
of the seedling (juvenile or primary leaves) are more simply formed 
than the later leaves. The 
opposite case is illusti*ated 
by Acacia (Fig. 136). 

B. The Seed-leaves or 
Cotyledons may be stalked 



Fig. VM^—Bdaginella MartensU, Ani- 
sopliylly of the dors i ventral shoot. 
On the upper side of the stem are 
two rows of smaller asymmetrical 
green leaves and on either flank a 
row of larger asymmetrical lea^'es 
(slightly magnified). 



.Fio. ISfi.—Ramoiculus aquatilis. Submerged leaves ; 
al, floating leaves; h, flower; fruit. (Reduced. 
After ScHENCK.) 


or sessile, and are always more simple in form than the foliage leaves. 
They often, however, exhibit the same plan of segmentation. 

The cotyledons may remain below the soil enclosed in the seed -coat 
(hypoCxEAl). In this case they are usually fleshy structures serving to store 
reserve food material and are composed largely of storage parenchyma, EpiOeal 
cotyledons, which burst the seed-coat and appear above ground, tend to become 
green and then for a period assimilate carbon dioxide like the foliage leaves. In 
Monocotyledons, which have a single cotyledon, only the sheath of this as a rule 
emerges from the seed. It may remain below ground and colourless, or grow up 
and turn green. 

C. The Scale Leaves and Braeteal Leaves, while indistinguishable 
from the foliage leaves in the early stages of development, are less 
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differentiated than these when mature, being usually scale-like and 
sessile. They are developed by enlargement of the primordia, 
mainly from the leaf-base, while the lamina remains more or less 
undeveloped (Fig. 124 1-6^ Fig. 137). Scale leaves, either colourless 


or green, 


often occur on the aerial shoots before the foliage 

leaves (Fig. IT^nd). They 
are also the only foliar 
organs on rhizomes, appear- 
ing as hardly visible and 
usually short-lived, scales, 
while in accordance with 
the development in dark- 
ness foliage leaves are 
wanting (Fig. 123 Fig. 
138). The bracteal leaves, 
on the other hand, re- 
semble in construction 
the scale leaves on aerial 
shoots, but are often vari- 
ously coloured and tend to 
succeed the foliage leaves 
as the subtending leaves 
and bracts of the flowers 
or inflorescences. The in- 
ternal structure of both 
scale leaves and bracts is 
Pig. 130 -Seedling ol Acacia pyc,mmc,. The cotyledons simpler than that of the 
have been fclirowii off. The foliage leaves i-4 are jannate, ^ 

the following leaves bipinnate. The petioles of leaves toliagC leaves. Ihey hardly 
5 and ^ are vertically expanded ; and in the following take part in the IlUtritive 

leaves, 7, 8, 9, modified as pliyllodes, bearing nectaries, ^j.^cesses but are ucinqllv 
'ft. (About nat. sme. After Schengk.) , piocesses, OUC aie USUaiiy 

protective structures for 
the young leaves or the buds. They are, however, connected with 
the foliage leaves by intermediate forms (Figs. 124, 137). 



That scale leaves and bracts are to be regarded as arrested forms of foliage 
leaves is shown not only by the developmental history but by the possibility 
of deriving foliage leaves from their rudiments . or inimordia. Thus Goebel 
succeeded in causing leaf primordia that would have formed scale leaves to become 
foliage leaves by removing the apex and stripping the leaves from the shoots. 
Subterranean stems, when forced to develop in the light, form foliage leaves from 
the primordia which in the earth would have become scale leaves. In their 
internal structure, however, the scale leaves and bracts are not merely arrested 
foliage leaves but frequently exhibit epeciai dilferentiations connected with their 
particular functions (®^). 


3. Duration of Life of Leaves. — In many plants the leaves have 
a shorter life than the stems on which they are borne. The leaves in 
such plants are shed from the stems (leaf-fall) or, in the case of 
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subterranean shoots, decay while still attached, 
of the aerial shoots of herbs die off together, 
places where the fallen leaves were 
attached to the stem. Plants in which 
the foliage leaves remain active for 
several seasons are called evergrken 
in contrast to deciduous forms. 


TiiG fall of the leaves in phanerogamic "" 

woody plants is effected by means of a 

parenchymatous absciss layer which is ^ ' 4 

formed at the base of the leaf-stalk sliortly /‘/f' 

bf3fore the leaf is shod. In lids region all . Iv'f \ 

the inechanioal tissues of the petiole are ^ l! V i' I 

greatly reduced, only the vessels being { \ 1 

lignified.** The separation of the leaf results I'jj! 1 

from the rounding off of the cells of the I /v\ 

absciss layer, the middle lamellae becoming i'. 1 1/ ]|i ii J 

mucilaginous, while, the vessels and sieve- wiiii 1^^ 

tubes ave broken through. The protection- m-mmm-usfoetUm. FoUageleaf© 

of the leaf- scar is effected by the cells and intermediate forms between this and 

exposed by the w’onnd becoming transformed the bract (/»). (Reduced. After Schenck.) 

into a lignified cutis tissue and, later, by 

the formation of a layer of cork produced from a cork cambium and continuous 
with that covering the stem. 

D. The Branching* of the Shoot ^% — The more foliage 
leaves that can be exposed to the sunlight on a shoot the greater 
will be the amount of organic substance formed by assimilation. In 

this respect, as will be e\d- 
Pv ^ o d dent, a branched system of 

b / shoots is greatly superior 

\\l ^ single erect shoot. 

AV|\y'^Tr' ^ Tiie former can expose leaf- 

y Ml sunlight 

\ \ \ / ^ i ^ greater area. 

) (a /} \ /fix JK. as tlialloid plants 

w y \ / I \ !/ ^ the branching of the shoot 

/ /'] A / /\ I / ‘ - A can happen in two ways. 

Earely the shoot forks, 

Fig. 138 .---Bhizome of iWi/5f<>??,aLm a, Bud of dividing into tWO daughter 

next year’s aerial shoot ; b, soar of this year's, and e, d, c, „ /titOHOTOMyI TJsUallv 

scars of three preceding years’ aerial shoots ; w, roots, axes (JJiOllUXUiVi ly. ubu ixy 

(;1 nat. size. After Schenck.) the branching is LATERAL, 

the daughter axes being 

thus formed on the main axis which continues its growth. 

A. Dichotomous Branching. — This is confined to the shoots of 
some Lycopodiaceae. 

In such Glub-Mosses, when a shoot is about to divide into two equal branches, 
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the circular outline of the growing point, in which no apical cell is recognisable, 
])ecomes elliptical. In the position of the foci of this ellipse tlie two new growing 
points project (Fig. 139). The successive dichotomies may take place in planes at 

* ’ ■ ^ ' another, in which case 

oes not lie .in one plane 
Fig. 82 a. 

in plants of this kind 


Fig. 141.— Bifurcating shoot 
(j)) of Lycopoditm inun- 
daUiMt showing unequal 
development of the rudi- 
mentary shoots, p', p" ; 
5, leaf-rudiments. (x40. 
After Hegelmaiee.) 

{e,g, in Selacjinclla) the branch-system deviates from the type described in that 
only one of the branches of each fork grows on further and again dichotomises 
(Fig. 140). If all the branches that in this way continue the branching are placed 
nearly in the same direction to which the other branches stand obliquely, the 
branch-system which results may readily be confused with racemose branching 
(Fig. 82 &). The main axis is, however, only apparently single, each portion 
being a daughter axis of the portion that precedes it. Sucli an apparent axis 
is distinguished as a sympodium from a true main axis (monopodium), and the 
branching is sympodial and based on dichotomy. 

All transitions from dichotomous to lateral branching are seen in the 
Lycopodiaceae. Some species form from the outset two growing points of unequal 
sixe, the smaller being soon disi:)laced laterally in respect to the larger one (Fig. 141). 

B. Lateral Branehing. (a) Place of Origin of the Lateral 
Buds. — On shoots composed of axis and leaves the lateral branches 
as a rule occur on the axis or at the extreme base of the leaf. They 
are usually developed at the growing point of the parent shoot in 
acropetal succession as exogenous outgrowths of the surface in the 
same way as the leaf primordia arise (Fig. 98 g). The positions in 
which the lateral shoots are developed ai-e usually strictly determined. 
In Pteridophyta they frequently arise beside the leaf primordia, but 
in Phanerogams, as a rule, where the upper side of the papilla forming 
the young leaf passes into the tissue of the growing point, i.e, in the 
LEAF AXIL. In some cases the branch is more on the leaf-base, in 
others it is distinctly on the main stem. 

The primordium of a lateral branch may arise from the tissue of the axis close 
above the leaf primordium and either after the origin of the latter (Fig. 142 I) 






right angles to om 
the branch-system ( 
as in the diagram ii 
Not uncommonl 


Fig. 139.— Longitudinal section of a bifurcat- 
ing shoot (^i) of LycopotUmn alpinum, 
showing equal development of the rudi- 
mentary shoots, p\ p" ; h, leaf-rudiments ; 
c, cortex,; j\ vascular strands, (x CO. 
After Hegelmaier.) 



Fig. 140.— Sympo- 
dium arising 
from successive 
dichotomies. 
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or before tlie leiif lias developed. In the latter ease the leaf-rudiment arises from 
the tissue to the lower side of the branch primordium iji'ig. 142 111), Oii riu? 


Ill 


I’lG. 142.— Diagrams of tlie developmental relations bet\s'een tlie leaf primordium ami the axillary 
shoot. (After Goereo.) 


other hand, the braneh niaj be formed from the young leaf primordium (Fig. 
142 //). Lastly, in dorsiventral shoots extra- axillary shoots may arise laterally 
from the leaf primordia. 


In the lorigitadinal section of a growing point in Fig. 98 the 
youngest rudiment of a lateral shoot {g) is already visible, projecting 
in the axil of the uppermost leaf. In the axils of the following leaves 
the branch primordia, since they arose in acropetal succession, are 
larger and have begun to form their leaves. The shoots developed 
from such axillary bubs are termed axillary shoots ; the bud 
which terminates the growing end of the main 
shoot is termed, in contrast to the axillary 
buds, a TERMINAL BUD. The leaf, in the axil 
of which a bud stands, is its subtending leap 
(Fig. 144 dh). The plane passing through the 
midrib of this leaf and the parent axis is the 
MEDIAN PLANE of the leaf. Usually the axillary 
bud is situated in the median plane of its sub- 
tending leaf, but it may be displaced laterally. 

It is the rule in Angiosperms that each foliage 
leaf has a single axillaiy bud ; in some Gymno- 
sperms, on the other hand, there is not an 
axillary bud to every leaf. 


As a rule, only one shoot develops in the axil of 1 

a leaf, yet there are instances where it is followed by Fig. i4Z.~~SamohLH mlemndi, 
additional or ACCESSOiiy shoots, which either stand over each axillary shoot ((t) bear- 

one another (serial buds), as in Lonieerat GleditscMa, siibtendnig leaf (t), 

^ 1, . ■ and terinmatjug in a fruit. 

GymnodacUis, or side by side (collateral buds), as in many After S chenck.) 

Liliaceae, e.g. species of Allium and Muscari. A 

displacement from the position originally occupied by the members of a shoot 
frequently results from intercalary growth. A bud may thus, for example, 
become pushed out of the axil of its subtending leaf, and thus apparently have 
its origin higher on the stem ; or a subtending leaf in the course of its growth may 
carry its axillary bud along with it, so that the shoot which afterwards develops 
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seems to spring directly from its subtending leaf ; or, finally, the subtending leaf 
may become attached to its axillary shoot, and, growing out with it, may thus 
appear to spring from it (Fig. 143). 

It is the rule in Phanerogams that normal shoots arise from the embryonic 
tissue of the growing point of the parent shoot. When they are apjjarent at a 
greater distance from the apex it can usually be shown that embryonic substance 
has been reserved at the proper points for their formation. 

Shoots developing in predetermined positions on young parts 
of the plant are designated normal, in contrast to adventitious 
SHOOTS, which are produced irregularly from the old or young portions 
of a plant, such as stems, roots, or leaves, and usually arise from 
permanent tissue which returns to the meristematic condition. 
Adventitious shoots, which arise from the older parts of stems or 
roots, are almost always endogenous. They must penetrate the 




Eig. 144.—^, ground plan or diagram, and B, lateral view of a lateral bud of a Monocotyledon 
with a divergence of ; mi, parent axis ; dfe, subtending leaf borne on this ; t, tho daughter 
axis ; vb, braeteole on this ; h, posterior, and v, anterior sides of the daughter shoot. 

outer portions of their parent shoot before becoming visible. Adven- 
titious shoots formed on leaves, however, arise, like normal shoots, 
exogenously. 

Such adventitious shoots frequently spring from old stems, also from the roots 
of herbaceous plants {Brassicd olemcea, Anemone sylmstris, Oonwlvulus arvensis, 
Mumex Aeetosella), or of bushes {Muhu$, Bosa, Oorylus), or of trees [Popidzis, 
Ulmus, Bobinia). They may even develop from leaves, as in Oardamine pratensis, 
Nasturtium offieinaU^ and a number of Ferns. An injury to a plant will frequently 
induce the formation of adventitious shoots, and they frequently arise from the 
cut surface of stumps of trees. Gardeners often make use of pieces of stems, 
rhizomes, or even leaves as cuttings from which to produce new plants When 
the buds in this case do not arise from existing growing points but are new-formed 
from permanent tissue, the process is spoken of as regbneratio.v (cf. the section 
on Physiology). 

(b) The Position of the Leaves of Lateral Buds. — When the 
relations of position in a lateral branch of any order are to be 
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examined the brancli is placed with its subtetiding leaf towards the 
observer (anterior), and the parent axis posterior (Fig. 144 
and so that the median plane of the subtending leaf eoiiicides with 
that of the observer. Structures on the lateral branch, which are 
di rected towards its subtending leaf, are termed an terior, those 
towards the parent shoot posterior, while right and left refer to 
structures lying to either side of the median plane of the subtending 
leaf in the TRANSVERSE PLANK. ■ 

Independently of the phyliotaxis, the lowest leaves of a lateral 
bud wdiich come next above the subtending leaf tend to occupy a 
definite position in relation to the latter and to the parent axis. 
They connect the phyllotaxy of the lateral brancli with that of the main 
shoot. In Monocotyledons there is one such bracteole (Fig. 144 
while in Dicotyledons there are two hracteoles ; they are usually scale 
or bracteal leaves. The bracteole in Monocotyledons is median and 
stands on the posterior side of the branch towards the main axis. It 
frequently has two lateral veins appearing as keels, while a middle 
vein is wanting (Fig. 144^4); it may thus be regarded as arising 
from the union of two lateral hracteoles In Dicotyledons the two 
hracteoles (a and / 3 ) stand as a rule right and left in the transverse 
plane, the later leaves followfiiig in a different arrangement. 

Apart from this the lateral buds may show the same leaf arrange- 
ment as the parent axis or may differ from this. 

When the phyllotaxy is spiral the genetic spiral of the branch may either run 
in the same direction as that of the main axis (homodromous) or in the opposite 
direction (antidromous). 

(e) Construction of the Branch System, — The general aspect or 
habit of every shoot-system depends, in addition to the direction of 
growth of its main axis, on the following features : the number of 
orders of lateral axes that develop; the position on the main axis 
of the buds which grow out as lateral branches ; the intensity of the 
growth and the orientation of the lateral axes of various orders in 
relation to one another and to the parent axis. The variety in the 
general habit of the shoot-systems frequently also stands in relation 
to the mode of life of the plants. 

1. Direction of Growth op the Main Axis of the Shoot- 
System. — T his, in the first place, determines the general type of the 
shoot-system. 

If the main axis stands at right angles to the soil, the shoot is termed 
OETHOTROPOXis and the . plant ex’ect. In this case the more or less plagiotropous 
and dorsi ventral lateral branches tend to be distributed radially when the plant is 
growing freely. If the main axis is growing obliquely or horizontally, and is thus 
pLAGioTRorous, the arrangement of the branches is usually dorsiventral ; when 
such a main axis with its lateral branches remains on the surface of the soil or 
grows horizontally beneath this, the plant is obebping. Tlie lateral branches tend 
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to come from the flankri and the roots from the lower surface of the main stein. 
In such a plant, when lateral branches grow up at right angles to the soil, they 
behave as regards their further branching like erect plants. 

2. The Oudeii of Sequence of Shoots. — If the vegetative cone of the primary 
axis of a plant, after reaching maturity, is capable of reproduction, a plant with 
but one axis will result, and the plant is designated uniaxial or haplogaules- 
CENT. Usually, however, it is not until a plant has acquired axes of a second 
or third order, when it is said to be diplooaulescent or tkiplooaulescent, or 
of the 71th order, that the capacity for reproduction is attained. A good illustra- 
tion of a plant with a single axis is afforded by the Poppy, in which the first 
shoot produced from the embryo terminates in a flower. As an example of 
a triplocaulescent plant may be cited the common Plantain {Plmitago major), 
whose primary axis produces only foliage and scale leaves; while the secondary 
axes give rise solely to bracteal leiaves, from the axils of which finally spring 
the axes of the third order, which terminate in the flowers. In the case of 
trees, only shoots of the nth order can produce flowers. Thus a division of 
labour commonly occurs in a branched plant, which finds its expression in 
differences of form between the successive shoots. These differ in appearance 
according to the special function performed by them, whether nutrition, storage, 
or reproduction. In addition to the essential members in the succession of shoots 
developed in a determined order, there are non-essential members which repeat 
forms of slioot already present. These may appear simultaneously with the 
essential shoots, and serve to increase tfre size of the plant, as in many animals ; in 
many perennial plants they arise as yearly innovations on the stock. 

3. The Distribution of Unfolding Buds. — Only in relatively 
few cases, as, for example, in herbs, do all the lateral buds of a main 
axis proceed to grow on as shoots. As a rule many more lateral buds 
are formed than ever unfold. The remainder become dormant buds 
or perish. It would be a needless or even injurious expenditure of 
material on the part of the plant were all the buds to expand, since 
the branches would overshadow one another and some would perish. 

Almost all trees possess, especially in the lower region of each annual growth, 
such dormant buds, which remain for a longer or shorter period capable of further 
development and can unfold under special conditions. The dormant buds of the 
Oak, Beech, etc., may be a hundred years old. The shoots that arise on old stems 
often come from these buds and are thus not adventitious. 

The unfolding of lateral buds may proceed acrope tally or basi- 
petally, or exhibit no definite order. On highly-branched shoot- 
systems the more peripheral buds are favoured since they have the 
best opportunity of favourable exposure of the leaves to the light. 

Nearly all our native trees form only resting buds through the summer while 
the main shoots are elongating.' Later, usually at the commencement of a new 
period of growth, some of the uppermost buds formed in the preceding season 
grow into lateral branches. These branches may form a whorl or an apparent 
whorl {Araucaria, Finns ) ; more commonly the highest buds form long shoots 
while those below them become short shoots (Pear, Apple). In other shoots, 
especially those that grow erect, every second, third, or fourth, etc., bud unfolds 
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so that the resulting shoots are regularly arranged at similar distances Ironi one 
another both longitiidinall}^ and laterally. 

The habit of the branch-system depends on the distribution of tlie ex^ianding 
buds, whether this is alternate or in whorls. When the buds are opposite a kind 
of dichotomous branching results as in the Horse Chestnut or the Elder. 

•Jr. DiRKOTION AND INTENSITY OF GROWTH OF THE LATERAL 
BRANCHES ill relation to one another. The lateral angle ]>etween 
adjacent lateral branches on an ortliotropous branch maj be very 
constant in any kind of plant {e.g. in Ammaria or Piivus), On the 
other hand, the intensity of growth of the lateral axes on the same main 
axis may show much variety. Frequently, with the appearance of a 
division of labour, only some of the branches ax'e of unlimited growth, 
the others forming short shoots. The latter have usually a shorter 
life, tend not to branch, and do not take part in the persistent branch- 
system of the tree. In the Larch, for example, the short shoots form 
short rosettes of needles on the older shoots of unlimited growth. 

5. Direction and Intensity of Growth of the Lateral 
Branches in Eelation to the Main Axis. Different Types of 
Lateral Branching. — The angle at which the lateral branch is 
inclined to its main axivS also tends to be very constant in any species 
{e,g. Pine). - 

The lateral branches may grow at the same rate as the parent 
axis, or less rapidly, or much more rapidly. In the last case they 
take precedence of the main axis, the growth of which may cease 
entirely, while one or more lateral branches take over the continuance 
of the branching. Diversity in the resulting branch -systems must 
evidently result from such differences in the growth of the daughter 
and parent axes. This has led to the distinction of various types 
of lateral branching, a knowledge of which is indispensable to the 
understanding of the morphological construction of the higher plants. 
The differences are especially well seen when the branches ai*e close, 
as in the region where the reproductive organs or flowers are borne 
as lateral branches. The inflorescences may therefore serve as 
favourable examples of the different types of branching. 

The bracts and bracteoles in the inflorescence are nsually developed as scale 
leaves and do not resemble the foliage leaves. They do not serve for assimilation 
but only for the protection of the young lateral branches in their axils. If the 
branching of a lateral branch is continued, this proceeds as a rule from the axils of 
the bracteoles. It is further characteristic of many inflorescences that the axillary 
buds of all the bracts are developed further. Owing to this the inflorescences, 
in contrast to the vegetative shoot-systems, form crowded branch-systems, very 
numerous flower's being formed in a small space. 

(a) The term racemose branching is applied when the main axis 
grows MORE actively than the lateral axes of the first order, and 
these in turn more actively than the branches of the second order 
arising on them; also when the main akis grows as actively as its 
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daughter axes. In the former case a true main axis or monopodium 
can be followed throughout the entire branch-system (cf. Fig. 82 h). 
Such typical monopodial branching is exhibitedj for example, by 
the Pine and other Conifers with a pyramidal outline ; the radial 


orthotropous main shoot grows vertically up- 
wards under the influence of gravity (cf. p. 
339), while the dorsiventral lateral branches 
of the first order diverge on all sides horizon- 
tally from the main axis. If the lateral branches 




Pig. 145,— -Spike of PZawtof/o Fig. 14(5. — Catkin of Coryhis Fig. 147. — Raceme Lhuiria 

lanceokifa. (After Du- .amencana. (After Du- striata, d. Bracts. (After 

CHARTRE.) CHARTKE.) A. F. W. SnniMPER.) 


of the first order grow erect, as in the Cypress and in many shrubs, 
there may be no difference in length between them and the main 
axis ; the branch-system has in such cases an oval or spherical form. 

The racemose inflorescences may be divided in the following way : 

I. The main axis grows more strongly than the lateral axes. 

(a) Lateral axes nnbranched. 

1. Raceme : stalked flowers borne on an elongated main axis (Pig. 147, 

Fig. 150 A). 

2. Spike : flowers sessile on an elongated main axis (Fig. 145, Fig. 150 i>). 

A spike in which the axis is thickened and succulent is termed a 
SPADIX ; a spike which, after flowering or after the fruits have ri}>ened, 
falls off as a whole is a catkin (Fig. 146). 

{h) Lateral axes branched. 

3. Panicle: a main axis, bearing racemes laterally (Fig. 160 Fig. 149). 
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il. The main axis grows as strongly a-s the lateral axes. 

4. Umbel : a whorl of lateral axes bearing flowers on amain axis which 

grows to the same length and ends in a flower (Fig. 150 C\ Fig. 14 S' . 

5. Compound UMBEL : anninbel which has small umbels in place of the 

single flo\?ers, (Fig. 150 , 

6. Oapitulum or head : flowers sessile on a shortened main axis (Fig. 

150' D). 

(b) The term eymose branefiing* is applied when the main axis 
grows LESS STRONGLY than the lateral axes, which continue the 
branching and in their turn are overtopped 
by the branches they bear. The resulting 
appearance differs according to whether 
several, equally strong, lateral axes of the 
same order, or only one lateral 
axis, continue the branch-system. 

In the latter case an apparent ‘ 
main axis or SYMPODIUM is . 

In many cases of eymose branching 
the parent axis not merely grows more 
slowly tlian the daughter axes but its 
tip dies or is cast off. This happens 
in many of our trees such as the Willow if\ 

or the Le. OM. G 


Pig. 148.— Umbel of the Clien-y. Fig. Panicle of Tucea Jilumentoacu 

(After Duchaetre.) (After A. 1L W. Schimpee. Reduced.) 

I. If more than two lateral branches of the same order continue the branching 
the term pleioohasium is used. Such lateral branches are usually approximated 
to the upper end of the parent axis and radiate on all sides obliquely upwards, in 
some cases being arranged in a whorl. The inflorescence of MJuphorhia affords an 
example. 

IL If two lateral branches of the same order continue the branching and stand 
opposite to one another, forming an acute or right angle, the term dichasium is 
used. This is shown diagram raatically in Fig. 151, with which the dichasiai 
inflorescence in Fig. 153 may be compared. A branch system of this kind, another 
example of which is afforded by the Mistletoe, which grows parasitically on trees, 
simulates a dichotomy. The successive pairs of lateral branches do not lie in one 
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plane as in the diagram but stand at right angles to one another so that they 
diverge on all sides. Only a ground plan (Fig. 155 IP) can therefore represent 
the true arrangement of the members of the branch-system. 

in. When the branching is continued by a single lateral branch the term 



Fig. 150.— -Diagrams of racemose inflorescences. A, Raceme. R, Hpike. C, Umbel. 
D, Oapitulum. R', Panicle. F, Oomijound umbel. (After Ka rs'I’un.) 


MONOCHASitJM is used. Frequently this branch continues the direction of the 
parent shoot, the tip of which is displaced to one side (Fig. 152). In this way 
a branch-system with a syrapodial axis comi)osed of lateral members of successive 
orders is foinned, as was seen to be the case sometimes in dicliotomous branching 
(p. 119ff.). Such a branch-system may closely resemble monopodial branching, 
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, 1 ™, - « fc 4 .."iiy a. 

the arrested ends of the branches appear as if home Uteia u}. 

are distinguishable from truly lateral 

'? a a biunches/however, by the regular absence 

of a subtending leaf, while a leaf winch 
stands opposite to each apparent branoli 
is veallj- the subtending leaf of the 
dau-diter shoot that continued the sym- 
podUm. (of. Pig. 152 ). The further 
branching may also be sympodiah ^^Ihe 
branching of many trees, such as the Lime 
A and Beech, is of this nature, but me 

Fir 1-,1 Otthe sviupodial construction is notrcoogmsable 

Bichasium;’ II, Axis of ii the .stems and brunches. t remarns 
the seetlling; 1, -h evident, however, in many subterranean 
daughter axes of the ‘■'T shoots such as the rhizome of Poly<jo- 
^ multifiorum (Pig. 138). The 

tmiU orders. 

comes the aerial shoot, while an axillary bud continues the growth ot the rluzome 
" tcotding to the relation of the lateral shoots of dilferent orders to each other 



Fig. lu-J.— Biagraui 
uf the Monocha- 
shim. Cf. Fig. 
151 . 




Fig. lb^.-—HeUot7'Opiu'ni Curassavmm, 
Oincinmis. (After Fsgler-I^bantl.) 


tion. 
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A. The median plane of all the lateral shoots may coincide with the median 
plane of the lateral shoot of the first order. 

(a) The successive lateral branches are on the anterior side of tlie parent axis, 
i.G. between the latter and the subtending leaf (cf. p. 121). In lateral view they 
thus fall Oil the same side, j3REFANium (Fig. 155 G, D). 

(/3) The successive axes stand on the posterior side of tlie parent axis (cf. p. 123) 
and in lateral view appear alternately right and left, Ei-npiDiuM (Fig. 155 A, B), 




Fig. 150.--A, Rlnpidiuin from the side; B, rhipidium in ground plan; 0 , dre- 
panium from the side; D, ground plan of drepanium ; jE, ground plan of 
dichashim (the red line indicates the mode of derivation of tlie cineinniis 
and the blue line of the bostryx); F, ground plan of bostryx ; G, ground 
plan of cincinnns. .successive, relatively main axes. Tn order toi make 
the relations clearer the successive axes in A-D and jF, G are indicated in 
different colours. The subtending leaf borne by each axis ha.s the sanie 
colour as the axis from wliich it springs. {A-G, after Kichler, tlie rest 
modified from Kaksten.) 



B. The median plane of each lateral shoot (of the 1st, 2nd, 3rd order, etc.) 
is always transverse, i.e. right or left of the median plane of the .subtending 
leaf on the parent shoot. Such branch-systems can only be represented in ground 
j)lan. 

(a) The successive lateral shoots are placed always to the same side, either to 
the right or the left, bostryx (Fig. 155 F). 

(/3) The successive lateral shoots stand alternately to the right or left, cinoinnus 
(Fig. 155 G, Fig. Ui), , , 
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The bostrvK and eiiwiuiuis are readily understood by deriving them from the 
ground plan of the dicliasiuin (Fig. 155 

Yaiious typos of branching are frequently combined in one branch-system. 
Tims ctynnasely-branched lateral shoots may be borne on the racemose main shoot. 
Tile Gomlunatimis are espccialh^ varied in the case of infiorescences. 

(b) The Root 

The ROOTS of plants, which are usually situated in the soil (siihter- 
ranean roots) and less commonly exposed to the attnosphere (aerial 
roots), NEVER BEAR LEAVES. In this respect, as well as by the absence 
of the green colour, their appearance differs from that of shoots ; even 
of colourless subterranean shoots. Their chief functions are to attach 
the plant to the soil and to absorb fi*om this water and salts that 
are conducted to the shoot-system. The functions of roots are thus 
very different from those of most shoots, which mainly serve for the 
assimilation of carbon dioxide. 

1, Growing Point — The root grows in length at the tip, exhibiting 
APICAL GROWTH by means of its conical growing POINT. The latter 
requires to have the thin- walled meristematie cells specially protected 
since, as the root grows, it is forced forwards like a needle between the 
angular particles of the soil. This protection is afforded by a special 
organ composed of permanent tissue which is called the root-oap or 
CALYPTRA ; it covers the tip of the root as a thimble does that of the 
finger, the true growing point having an intercalary position within 
the tissue of the root- tip. The outer cell walls of the root-cap become 
mucilaginous, and this makes the forward passage of the root easier. 
The root-cap is usually only recognisable in median longitudinal sections 
through the root-tip (Figs. 156, 157), but in some cases {F midanus) 
the cap is to be clearly seen on the intact root. 

The very noticeable caps on the water roots of Duclcweed (Lemna) and of some 
Hydrocharitaceae are not really root -caps, as tliey are not derived from the 
root, but from a siieath which envelops the rudimentary root at the time of its 
origin. They are accordingly termed hoot-pockets. As a general rule, however, 
roots without root-caps are of rare occurrence, and in the case of the Duckweed the 
root-pocket performs all the functions of a root-cap. The short-lived root of the 
Dodder (p. 190) affords another example of a root devoid of a root-cap. 

The growing point of the root, as has been already mentioned, is 
composed of meristematie cells from which the permanent cells of the 
root-cap are derived on the side towards the tip and the permanent 
tissue of the root on the basal side. 

In most Pteridophytes the root, like the shoot, has a three-sided 
apical cell (t, Fig. 156) with the form of a three-sided pyramid. 

In addition to the segments cut off parallel to the three inner walls which 
contribute to the root itself, segments are formed parallel to tbe outer wall (k). 
These undergo further divisions and form the root-cap. 

K 1 
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The growing points of the roots of Phanorogams, on the other hand, 
have no'apical ceils. They consist of equivalent meristematic ceils 
that ai*e fi'equently arranged in regular layers. 

The apex of a root of one of the Gramineae (Fig. 157) may bo described as an 
example. The stratified meristem, from whicli the permanent tissue of the root 
arises, is separated into an outer layer of cells, the dkrmatogen {cl) ; a central 
region formed of several layers which gives rise to the central cylinder of the root 
and is called the plerome (^;Z) ; and into a number of layers between the derrna- 



PiG. 156.— Median longitudinal section of the apex of a root of Pts-ris cteUw.. 
if, Apical cell ; A-, initial cell of ropt-eap ; Tcf*, root'Cap. (x 240. After STRASBcrRoiiin.) 


togen and plerome which form the periblem. The dermatogen {d) and ijeriblem 
{pr) unite at the apex in a single cell-layer, outside of which lies the calyptrogen 
(^’) or layer of cells from which the root-cap takes its origin. 

In many other roots, however (in the majority of Dicotyledons), the formation 
of the root-cap results from the , pericliual division of the dermatogen itself, which, 
in that case, remains distinct from the periblem. In Gymnosperms, and in many 
L.eguminosae, the dermatogen, periblem, and calyptrogen are not marked out as 
distinct regions. In roots, the. plerome cylinder {pi) almost always terminates in 
special initial cells. 

2. External Features of the Root— Behind the growing point 
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. 157.— Median longitudinal section of the apex of a root of the Barley, Hordevm vulgare. 
Jc, Galyptrogen; d, derinatogen; c, its thickened wall; pr, periblem;p?, jderonie; en, endoderniis; 
i, intercellular air«space in process of formation ; a, cell row destined to form a vessel ; 
r, exfoliated cells of the root>cap. (x ISO. After Steasbueger.) 


apex and in subterranean roots is limited to a zone only 5-10 mm. 
long, the root becomes a cylindrical colourless structure. 

la the shortness of the zone of elongation subterranean roots contrast with aerial 
shoots. In aerial roots this zone may be many centimetres in length. Its short- 
ness in subterranean roots is evidently connected with the conditions of their life. 

At some distance from the root-tip, about the region where growth 
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in length ceases, the R0(M^-hairs (Fig. 158 r, Fig. 51), which are 
important appendages of subterranean roots, appear. They are 
localised tubular protrusions of the living epidermal cells with thin 
walls covered with mucilage. When seedlings, ej/., of Wheat are grown 
in a moist chamber they can be seen with the naked eye, forming a 
delicate down on the surface of the root. They occur in enormous 
numbers (e.g. about 420 per sq. mm, in Zea 
Mays). Their length varies, according to the 
kind of plant, between 0T5 and 8 mm. They 
enlarge the surface of the root greatly (in 
Fisum, for example, twelvefold) and penetrate 
between the particles of the soil and become 
attached to them. Thus in the soil they do 
not retain the cylindrical form seen in moist 
air but are bent to and fro, and flattened, 
club-shaped, or lobed at the top (Fig. 239). 
They serve to absorb water and dissolved salts. 
They only live for some days, the older root- 
hairs dying off as new ones form nearer the 
tip; thus only a limited zone of the young 
root some centimetres or millimetres in length 
is clothed with them. The older smooth portion 
of the root serves for conduction, but has 
ceased to absorb the water. The surface often 
shows transverse wrinkling brought about by 
subsequent contraction of this region of the 
root. This shortens the root so that, like a 
tense support, it anchors the shoot more firmly 
in the soil (cf. Fig. 207, 6). 

Root-hairs are wantiBg in some plants, especially 
those which can readily obtain water, as is t^^ 
with many aquatic and marsh plants. The roots of 
some aquatic plants, such as Nupliar lihtmm, form 
root-hairs when they penetrate the soil ; the roots of 
marsh plants, ‘such as Gar ex paludosa^ when there is 
lack of water. 



Fkj. 15S.— Seedling of Carpinus 
BeMhis. r, Zone of root- 
hairs near root-tip ; hy liypo- 
cotyl; hw, main root; sw, 
lateral roots; Z, 1% leaf; e, 
epicotyl ; e, cotyledons. (Nat. 
size. After Noni..) 


3. Primary Structure of the Boot. — 
When the transformation of the raeristematic 
cells into permanent tissue has taken place the same kinds of tissue 
are recognisable in roots as in shoots, their arrangement being as a rule 
radially symmetrical. 

The surface of the younger portions of the root is bounded by the 
thin-walled EPIDERMIS which, with the root-hairs borne upon it, serves 
' for ^absorption. The absence of stoma ta and o f a cuticle is 
characteristic of this layer. T he e pidermis of Jhe root dies off with 
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the root-hairs. The outermost layer of the cortex tiien forms a cutis- 
tissue called the EXOUKHMfS ("^) on the surface, the cell walls 
])ec()miiig more or less siiher- 
ised (Fig. 159 ex), 

Some oi’ tlie cells of the exodei’- 
mis often remain im&iiherihcd ami 
serve as transfusion cells. They 

are regularly x)lacGd among the .,7. 

corky cells and smaller than the kY'-T 

The remaining tissues of 
the root can be distinguished 
into cortex and central 
cylinder. 

The primary cortex of 
the root is composed of 
colourless tissue, which is 
usually parenchymatous. In 
the outer layers the cells 
are in close contact with one 
another, Imt intercellular spaces are present more internally. These 
intercellular spaces often widen into air-cavities or passages. In 
^ many roots a hypoderma giving 

e P\ j V mechanical support to the epi- 

\ ! dermis or exodermis is present. 

772 . innermost layer of the 

\'^how<^^^^c'^P n cortex is usually developed as 

BS»A^%^W0 endodermis Cl) (Figi 159, 
rxj:5 160 161 .S; 163 i), which 

sharply marks the limit between 
- cortex and central cylinder. 

eiidodermis consists of 
TPq cyV somewhat elongated, rectan- 

gular, prismatic cells which in 
^ transverse sections show the 
Caspary dots on their 
radial walls. Tiie nature of 
Cf^ these strips of the %vall (of. p. 

58) shuts off to some extent 
the central cylinder from the 
primary cortex; the tangential 
walls of the young endoderinal 
cells, however, allow of passage of water between the two regions. 

In the older parts of tlie roots the! cells of the chdodermis become corky, and in 
many Monocotyledons are greatly thickened^, bat , generally on one side only. 


Fig. 15a —Transverse section of an adventitious root of 
AUluni Cepn, ep, Remains of the epidermis ; ex, exo- 
dermis ; c, primary cortex ; e, endodeniiis ; cc, central 
cylinder, (x 45. After M. Koernicke.) 


3. 100.™ Transverse section of central portion of 
the root of Acorns Calmmis. Med ulla ; s, xyleni ; 
r, phloem ; p, pericycle ; e, endodermis ; c, cortex, 
(x i*0. After Strasbuhger.) 
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Should tliickeuing occur at an early stage, special endodermal cells, directly 
external to the xylem strands, remain xinthickened and serve as tkak.sfusion 
CELLS (Fig. 163 d), 

Tlie outermost layer of cells of the centol cjliu^ lying 
immediately within the endodermis (Figs. 160 161 j;6V 163 j>) forms 

the PERXCYCLE ; this is usually a single layer and in rare cases is 
wanting. The strands of xylem and phloem run longitudinally in tlie 
central cylinder and in all roots form a I’adial vascular bundle ('»*') 
(cf. p. 99). They are separated from one another hj one or more 



Pio. 161,— Transverse section of the radial bundle of the root of Ranunculus acar, Jl, Cortical 
parenchyma; S, endodermis; pc, j^ericycle; pTi, phloem; px, protoxylem; G, pitted vessels, 
(x 200. KoTHEiir modified from Dippel.) 

layers of cells that usually have the characters of conducting 
parenchyma. The orientation of the strands of xylem in the root 
contrasts with that found in the stem. In the stem the narrow 
elements of protoxylem were situated internally, hut in the root the 
internal vessels are the widest, and the narrow elements of the proto- 
xylem are found close to the periphery of the vascular bundle. 
Annular, spiral, reticulate, and pitted vessels thus follow in order from 
without inwards. The protophloem is situated at the outer margin of 
the phloem strands, which are more or less circular in cross-section. 
Roots are described as diarch,, triarch, polyarch, etc., according to the 
number of the vascular stmnds. Thus the root in Fig. 160 is octarch 
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and that in Fig, 163 pentarch. The vascular strands may either meet 
in the centre (Figs. 161, 163) or there is in this position a central 


strand composed of parenchyma 
or sclerenchyma or a mixture 
of these tissues (Fig. IGO). 
Most roots have to be con- 
structed to resist pulling strains, 
and the mechanical tissue is 
accordingly mainly placed, com- 
pactly in the central pith (Fig. 
162), 






Fn; 


Centrally- 
strains ; it a i 


, Mechanical tis.sue of roots, 
placed to resist longitudinal pull in 
prop root with a peripheral layer of mechanical 
tissue (P) to resist lateral pressure, in addition 
to the central .strand. (After Noll.) 


For an organ that lias to resist 
tension it is immaterial at wliat part 
of tlie cross-section the mechanical 
tissues are placed. Their association 

.in the centre to form a single strand is of advantage, since, if man^^ thinner strands 
iwere situated peripherally, a one-sided pull might rupture some of these more 
* readily. 

Tlie continuity of the xylem and phloem strands of the radial bundle of 



Fig. 163. — Transverse section of the rad ml bundle of the root of Alliuid ascaloiiicum, s, 
Endodermis with the inner walls thickened ; d, transfusion cells ; p, pericyele ; g, large central 
vessel. (Rothert after Habeklandt.) 


the root with the corresponding tissues of the differently -constructed bundles 
of the stem is effected at the junction of the root and stem of the seedling. 
It need only be briefly described for the most common case of plants in 
which the bundles of the stem are collateral. The essential fact of the transition 
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is tliat eacli of the strands of xylein of the root rotates thruiigli 180^' round its 
longitudinal axis, bringing the protoxylein to the inner side of the strand which is 
the characteristic position in the stem. A number of collatera..! vascular bundles 
are reconstituted from the tissues of the radial bundle of the rout by the radially- 
arranged xylem and phloem taking up the collateral position. This happens in 
ditferent ways, of which two main types may be distingiiishcd : 1. The strands 
of xylem when rotating follow a straight course from the root to the stem ; the 
strands of phloem of the root, on the other hand, divide radially, the two halves 
separate tangentially, and, uniting witli the portions derived from adjoining 
strands of phloem, come to lie outside the 
xylem strands. 2. The phloem strands of 
the root follow a straight course into the 
stem, but the strands of xylem which rotate 
through 180" split radially ; the halves 
separate tangentially (as the phloem strands 




Fig. 164.~Transverse section of tlie root 
of Vida Faha showing the origin of a 
lateral root (r). e, Endoderniis ; p, peri- 
cycle; cZ, cortex; g, xylem strand; i\ 
phloem strand of the radial bundle. 
(X 40. Somewhat diagrammatic.) 


Fig. 365. — Portion of a longitudinal section 
of a root of Amarumtus showing the origin 
of a lateral root, c, Endoderniis, already 
absorbed opposite the young root; t7, cor- 
tex; p, pericyele; sp, spiral tracheide; r, 
young lateral root, (x about 200. After 
Ph. van Tieghem.) 


did ill Type 1) and, uniting with the portions derived from the adjoining strands 
of xylem, place themselves internal to the strands of phloem to constitute the 
collateral bundles. 

4. Bpanehing of the Root. — By this process, in which a root 
always gives rise to roots, the root-system can penetrate the soil in 
all directions and obtain from the whole space thus occupied water 
and dissolved salts. 

Dichotomous branching by ,an equal division of the growing 
point only occurs in some Pteridophyta (Lycopodinae). 

With this exception the branching of the root is i.atkral (Fig. 
158), the lateral roots, in contrast to the lateral shoots, originating at 
some distance from the growing point where the meristematic cells 
have been transformed into permanent tissue. They arise endo- 
genously (Figs. 164, 165) within the tissues of the parent root and 
in acropetal succession. The growing point of the new root is formed 
from the innermost layer of the cortex in Pteridophytes and from 
the pericyele in the Phanerogams ; . a group of parenchymatous cells 
commences to divide, the cells TOturning to the meristematic condition. 
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The lateral roots break through the whole thickness of the cortex as 
they emerge in the order of their development from the main root. 
The ruptured cortex is frequently recognisable as a sort of collar 
round the base of the lateral root. Other lateral I’oots may form 
subsequently between those already developed and on older parts of 
the root. 

Idle lateraj roots always stand in VEimcAL SERIES on the parent 
root C^-). This arrangement is deternnned by their always arising 
either opposite one of the longitudinally-running strands of xylem 
(Fig. 164:), or opposite the plate of coiuluetirig parenchyma which 
separates a strand of xylem from one of phloem. The number 
of vertical series of roots is thus either the same as the number of 
strands of xylem, or twice this. In the former case the lateral 
distance between any two adjacent roots is equal, while when the 
roots arise right and left of a strand of xylem these two vertical 
rows are approximated. 

The structure of the lateral roots corresponds with that of the 
main root, and the xylem and phloem are continuous from the 
one to the other. 

5. Roots borne on Shoots. — Roots not only arise from other 
roots but may be developed from the shoot, both from stems and 
leaves. They are usually endogenous. In Ferns they arise from 
meristematic tissue in the region of the growdng point of the shoot. 

The place of origin of such adventitious roots is not fixed heforehand but may 
be more or less deilnite. This is especially the case in marsh and water plants 
where the roots arise from the lower nodes of the stem between, and alternating 
with, the leaves ; tliey replace the primaiy root-system which has been lost when 
the older part of the ])lant died off ('^). They are especially numerous on the 
under side of rhizomes (Fig. 138) and creeping shoots. A young shoot, or a 
cutting planted in moist soil, quickly forms 'adventitious roots, and roots may 
also arise in a similar manner from the bases of leaves, especially from Begoniw 
leaves w'heii planted in soil 

Dormant root-rudiments occur in the same manner as dormant buds of shoots. 
Willow-twigs afford a special case of the presence of such dormant rudiments of 
adventitious roots, the further development of which is easily induced by dark- 
ness and moisture. 

6. Appearance of the Root-System. — The lateral roots of 
successively higher orders are as a rule thinner and grow less strongly 
than their respective parent roots. The whole root -system is thus, 
typically RACEMOSE. The alternate branches are usually short and 
have a limited period of existence ; they may be termed absorbent 
ROOTLETS. 

The root-system, like the shoot-system, further owes its general 
appearance to the fact that the main and lateral branches take up 
distinct positions in space relatively to one another ; this depends on 
differences in their geotropism (cl p* 339). , 
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'! Many Dicotyledons {e,g. Lupin, Oak) and Gym nosperms (Pine) 
possess a radial MAIN-ROOT or TAP-ROOT (Fig. 158) wiiicli, from the 
seedling onwards, forms the downward continuation of the main stem 
" and grows vertically down into the soil (orthotropous). On this 
radial lateral roots of the 1st order arise, which penetrate the soil 
horizontally or obliquely (plagiotropous). The lateral roots of the 
2iid order" arise in turn on those of the 1st order. They tend to 
grow on ail sides from the latter so that the branches of the root- 
system penetrate the soil as uniformly as possible in all directions, 
and, as branching continues, do not leave a cubic centimetre unused. 

A tap-root is usually wanting in Monocotyledons since it becomes 
arrested in the seedling stage. In its place numerous roots arise 
from the base of the stem and penetrate the soil vertically, obliquely, 
or horizontally. They branch monopodially, bearing lateral roots of 
successively higher orders which penetrate the soil in all directions. 
In the Wheat, for example, there is no tap-root, but the root-system 
continues to extend in a horizontal plane. 

The length of all the roots of a plant taken together is surprising. 
Thus for a plant of Wheat it may amount to some hundreds of metres. 

Some of the roots of trees in tropical forests are developed in a 
peculiar fashion. The extraordinarily high and thick stems of many 
such trees are supported at the base by strong vertically - placed 
I BUTTRESS-ROOTS. In Other cases support is given by aerial roots 
I growing down from the branches to the earth and attaining the 
thickness of woody trunks (prop-roots, e,g.^ in species of Ficus). 

(e) Secondary Growth in Thickness of the Cormus 

It has been seen that the additions to the root and shoot 
made by the increase in number of the meristematic cells in the 
growing points increase in length as they mature. A certain increase 
in thickness of the parts is associated with this growth in length ; 
this depends on the enlargement of the cells on passing from 
the meristematic condition and not on increase in their number 
(primary growth in thickness, cf. Figs. 98, 100, 102, 115). This, 
as a matter of fact, is slight, but is often followed in stems and roots 
by processes of growth that will now be considered. 

The larger the shoot- system becomes the more readily will it 
escape overshadowing by other plants and form more organic 
material. Thus in many plants the growth of the small seedling 
with a few leaves leads, with the accompanying branching, to a cormus 
of the size of a large tree bearing a very large number of leaves. 
The increase in the aerial shoot-system and in the number of leaves 
makes progressively great demands on the water supply from the 
roots, which can only be met by the increase of surface and the 
branching of the root-system; in many cases additional roots are 


DI^. I 


MORPHOLOGY 


141 


developed from the stem. All increase of the foot-system, howe\'er, 
depends on a supply of organic food materials manufactured in the 
leaves. Thus the further developmeiit of the eroAvn of foliage and of 
the root-system are intimately related to one another. The increase 
in size of the shoot- and root-systems further presupposes tliat a 
sufficient number of conducting tracts in the stems and roots eaii ])e 
developed, both for water and for organic materials, and that the stem 
should be strong enough to support the increasing weight even when 
exposed to wind. There is thus an intimate connection between the 
size of the cormus and the formation of conducting tracts in its axes 
and the rigidity of the shoot. 

The rigidity requires to be greater the larger the plant l)eeomes 
and the longer it lives. Plants or shoot-systems which only live for a 
limited period and die off after bearing reproductive orgaris have 
usually herbaceous structure (nERB>s). Large cormi which live for 
many years and bear fruit repeatedly have as a rule the rigidity 
of their stems and roots increased by the formation of wood. Such 
woody plants are called shrubs if they do not exceed a moderate 
height, and retain their lateral shoots so that their branches are 
formed near the gi*ound. They are called trees ("^), on the other 
hand, if they attain a greater height, have a main stem or trunk 
(which must have the type of rigidity possessed by a pillar), and 
usually lose their lower branches at an early period. 

In catalogues and descriptions of plants the duration of the period of growth 
is usually expressed hy special symbols : thus 0 indicates an annual ; 0 a biennhil, 
and U a perennial herb ; h is em)doyed to designate shrubs, and for trees the 
sign is in use. A special type of tree is found in the columnar and usually 
uiibranched stems of Palms and Tree-ferns ; in them secondary thickening, and 
a true woody mass resulting from this, are wanting. 

The requirements, both as regards the number of conducting 
tracts and the necessary rigidity, are met in a variety of ways in 
cormophytic plants. In the first place, there are plants in which the 
main axis of the seedling and any lateral branches that arise attain 
a sufficient thickness and develop sufficient mechanical and conduct- 
ing tissues before growth in length ; when this takes place later the 
thickness is adequate for the future inci-ease in size of the plant. 
The primary root in such cases remains thin and usually dies off* 
early, while as many roots as are necessaiy arise from the basal 
portion of the shoot. Secondly, there are plants in which long 
slender stems and roots with only a few conducting, and mechanical 
elements are first , developed. A limit would soon be set to the supply 
of water to the leaves and of nutritive material to the root-system, 
and thus to the increase in size of the plant, by the small number of 
conducting elements in the primary stem and root. Provision is, 
however, made for an increase in the conducting and mechanical 


142 


BOTANY 


FAE'r I 


tissues corresponding to the needs of the growing plant. This is 
effected by a continued process of cell division forming secondary 
tissues and leading to a SECONDAUY growth in tuickness of the 
stem and roots. Secondary tissues are those that are added to or 
replace the primary tissues as a result of the activity of a secondary 
meristem or cambium (cf. p. 47). Such secondary growth occurs 
in herbaceous as well as in woody plants. 

To the FIRST TYPE (‘^) belong the mostly herbaceous Pteri- 
dophytes and Monocotyledons, including nearly all the forms that 
have definite stems (Tree-ferns, Palms, Pandanaceae, certain Lilih 
florae). Thus in these stem-forming Monocotyledons the embryonic 
stem remains very short on germination. The primary meristem of 
the flattened growing point increases in breadth, leading to the axis 
of the seedling from which the stem will continue having a consider- 
able thickness from an early stage. 

In such forms as tlie Palms and Pandanaceae the stem may continue to 
increase slightly in thickness after the permanent tissues have developed by a 
process of expansion of the cells. The cells of the sclerenchymatous strands 
which accompany the phloem of the vascular bundles may thus increase in 
diameter leading to an enlargement of the strand as a whole. In places this 
growth in thickness may be accompanied by divisions in parenchymatous cells 
(e.^. in some Palms). 

The majority of herbaceous and woody Gymnosperms and Dicoty- 
ledons and some arborescent Liliiflorae belong to the second type (^'^). 
The primary thickening or maturing of the stem and root dependent 
on the enlargement of cells is in them followed by increase in number 
of the cells in a special meristematic zone, the cambial ring. 

The secondary tluckening in annual, scrambling, and twining plants often only 
begins in older internodes which have long attained their full primary size. In 
the twigs of trees, on the other hand, the secondary growth may start early, even 
before the primary tissues are fully developed. 

Secondary growdh in thickness was present in certain Pteridophytes known 
to us as fossil remains, but only became of general occurrence in the Gymnosperms 
and Dicotyledons. 

Seeondary Crpowth in Thickness of Monocotyledons.— In some 
arborescent Liliiflorae {Dracaena, Cordyline, Yucca, Aloe) the axis 
exhibits growth in thickness due to a secondary meristem. This 
arises in the cortex where it abuts on the central cylinder in which 
the vascular bundles are scattered in the manner characteristic of 
Monocotyledons. In transverse sections divisions can be seen to 
begin in an annular zone of mature cortical cells. ^ In Dracaena this 
happens at a considerable distance from the growing point, but in 
other cases it may start close to it. A cylindrical meristematic zone 
a number of cells deep is thus formed ; the cells are prismatic and fit 
“ together without intercellular spaces. As a result of the formation of 
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tangential walls, cells continue to be cut off towards the inside, and 

later some are formed to the outside. The latter become secondary 

cortical tissue; the ceils to ^ 

the inside develop into con- 

centric vascular bundles, in 

which the xyleni surrounds 

the phloem, and parenchy- 

matoLis tissue with thickened \ / 

and lignified walls (Fig. 1G6). 


The meristematic cells have a 
rectangular shape in transverse 
and radial sections, while in tan- 
gential section tliey are polygonal ; 
they are thus tangentially-placed 
flattened prisms (cf. Fig. 169 A, II). 
So long as the meristem is only 
forming new tissues on the one 
side, the initial cells can be re- 
placed at the expense of the inner 
permanent cells of the cortex. 
Wlien, however, the meristem is 
active on both sides the initial layer 
persists. 

( True secondary thickening of 
the root in Monocotyledons is only 
known in the case of the genus 
Dracaena. The camhial ring arises 

( in the cortex of the root just out- 
side the endodermis. 


iiS 


Secondary Thickening of ^ 

Gymnosperms and Dieotyle- ^ 
dons. 1. Formation, Strue- 
ture, and Activity of the 

Cambium in Stems. In the 1(J0^ — ^Timsverse section of tlie stem of Con/J/Ziue 

open vascular bundles of the (Dracaena) rubra. /, Primary vascular bundles; 

aviTinncj-nAVTO^ und IMnntvlA- secondary vascular bundles; f"\ leaf -trace 

tTymnOSperms ana ^ICOtyie bundle within the primary cortex; w, parenchy- 

dons the formation of second- matons fundamental tissue ; .s‘, bundle-sheath ; t. 
ary tissues may take place as tracheides ; c, cambium ring ; cr, cortex, the outer 
■ , 1 ^ portion being primary, the inner secondary cortex ; 

soon as the primary tissues cambium ; l, cork ; r, bundles of rapliides. 

have matured, or may even (x so. After Strasburger.) 
begin' before this. Only the 

former case need be considered here. The primary meristem remain- 
ing between the xylem and phloem of the bundle becomes the 
cambium and commences again to divide , actively. * The vascular 
bundles are usually arranged in a circle. When the camhial activity 
has commenced in the bundles, cambium also forms across the 
medullary rays, by parenchymatous cells dividing tangentially. This 
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INTERFASCICULAR CAMBIUM connects the FASCICULAR CAMBIUM within 
the bundles, forming a complete hollow cylinder of meristematic tissue. 

The cells grow’' in the radial 
direction and undergo division 
by tangential and by transverse 
walls; from time to time cells 
appear to be divided by radial 
walls. 

Figs. 167 and 168 represent 
formation of the cambium as sliown 
particularly clearly and sihiply in a 
transverse section of the stem of 
Aristoloclim Sipho, A single bundle 
with the adjacent interfascicular cam- 
bium from the stem in Fig. 167 is 
more highly magnified in Fig. 168. 
The cambium is actively dividing, 
and two partially-developed secondary 
vessels are seen at m". The outline of 
the parenchymatous cells of the medul- 
lary rays, which gave origin to the 
interfascicular cambium, can still be 
recognised. 

The cambium cells fit together without intercellular spaces and 
form radial rows. They have the shape of elongated prisms more 
or less flattened tangentially and with both ends pointed ; thus 
the form of the cell appears very different in tangential, radial, or 
transverse section (Fig. 169). The tangential walls, which form the 
polygonal or rhombic main faces of the prismatic cell, are thin ; the 
radial walls, on the other hand, are fairly thick and frequently pitted. 
A middle layer of cells in the cambial zone forms the initial layer. 
Its cells remain permanently in the meristematic condition. They grow 
in the radial direction, dividing by tangential walls, and so give off 
daughter cells (tissue mother cells) to both sides, but more abundantly 
on the inner side. These daughter cells in their turn may undergo 
tangential divisions, and, often after growing greatly in length and 
breadth (Fig. 174) and changing their shape, become gradually trans- 
formed into permanent cells of the secondary tissues. 

The cambium in giving off cells inwards must itself, as the stem grows in 
thickness, be carried gradually outwards. The circumference of the cambial ring 
must therefore be increased. This can only be effected by growth and increase in 
number of the cells in a tangential direction. In transverse sections it appears as 
if this came about by radial division of some of the cells. Klinken has, 
however, sliown in Taxus that such divisions do not occur ; the number of cells in 
the tangential direction is increased by an initial cell of the cambium dividing 
transversely, and the ends of the two resulting cells becoming placed side by side 
tangentially by sliding growth. 



Fig. 167.— Transverse section of a stem of Aristo- 
lochia Sipho 6 mm. in thickness, m, Medulla ; 
fv, vascular bundle ; vl, xylera ; ch^ i^liloern ; /c, 
fascicular cambium; i/c, interfascicular cam- 
bium ; p, phloem parenchyma ; pc, pericycle ; 
sic, rinj^ of sclerenchyma ; e, starch-sheath ; c, 
primary cortex ; cl, eollenehyma in primary 
cortex. ( X 9. After Strasburgeb.) 
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of ring of scte...ucl.yinatou« fibres, (x 130. After SS-rnASBCnor-n.) 

In contrast to the primary cortex all the tissues to the outside of the oamhium 
may he regarded as forming secondary cortex. 

" The secondary tissue formed internally by the fascicidar cambium 
reseSiir the x'ylem. and that to the outside the 
nrimarv vascular bundle. By the activity of the 
Lmbium the primary medullary rays are continued *rOT|h the wo 
and the hast. Their breadth is, however, usually diminished, since 
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the interfascicular cambium in great part gives rise to tissues similar 
to those formed by the fascicular cambium. Thus, in place of the 
original broad medullary rays, the cambium forms at definite points 
narrower radial rows of medullary ray tissue. These medullary rays, 
which are spindle-shaped when cut across (Fig. 170), traverse the 
wood and the bast, connecting the pith with the cortex as primary 
MEDULLARY KAYS. As the thickness of the secondary wood and bast 
increases, SECONDARY MEDULLARY RAYS are developed from the 
fascicular cambium. In one direction the secondary medullary rays 

B 




CZD 

C 


Pig. 169.— Diagrammatic 
figure of the shape of 
cambial cells, A, I and 
//, the two forms 
which occur, seen from 
the tangential face ; K, 
in radial section ; C, 
in transverse section. 
(After Rothert.) 


Fig, 170. — A diagrammatic tangential 
section to illustrate the subdivi- 
sion of a primary medullary ray 
into many smaller rays on the 
commencement of secondary thick- 
ening. I, Z, Adjoining primary vas- 
cular bundles ; pm, primary medul- 
lary ray transformed by the 
activity of the interfascicular cam- 
bium into many small spindle- 
shaped medullary rays and reticu- 
lately - connected secondary vas- 
cular bundles. 


end blindly in the wood and in the other in the bast ; the later they 
develop the less deeply do they penetrate the tissues on either side of 
the cambium (Fig. 179). 

The camhial cells which give rise to medullary rays are shorter and 
their end walls are more horizontal, for when a medullary ray is to be 
initiated the ordinary cambium cell becomes divided transversely or 
obliquely. 

The origin of the cambium and the nature of its activity can he distinguished 
into three main types according to the primary construction of the stem : 
1. The stem has a circle of collateral vascular bundles separated from one 
another by broad medullary rays ; the breadth of the medullary rays is main- 
tained during secondary growth, the interfascicular cambium producing only 
medullary ray tissue. This is the case for many herbaceous plants, but among 
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■vYoody plants is only found in the lianes. In those herbs in which the inner 
portion of the medullary rays between the primary strands of xylem consists of 
sclerenchyma (cf, p. 95), the interfascicular cambium forms similar tissue on its 
inner side. 2. The stem as in the first type has a circle of collateral leaf-trace bundles 
separated by broad medullary rays. Before the primary growth in thickness is 
completed there arise from the still meristematic tissue of each medullary ray, 
that now assumes the characters of a cambium, one or a number of small, cauline, 
intermediate bundles which anastomose 
tangentially; the intervening meshes are 
occupied by narrow primary medullary 
rays that are spindle-shaped when cut 
across (Fig. 170). The original medullary 
rays become filled up in this way in many 
herbaceous and woody plants. B. In the 
transformation of the primary meristem 
to permanent tissue there arises, instead 
of a circle of collateral bundles, a vascular, 
tube, which appears like a concentric 
bundle with a central pith and internally- 
situated xylem. There is a layer of meri- 
stematic tissue between the xylem and 
phloem that later becomes the cambium. 

The vascular tube may bo traversed by 
very narrow spindle -siiaped primary 
medullary rays, or these maybe completely 
wanting. This type is found in many 
trees. 

The primary xylem of the bundles in 
stems wliich have undergone secondary 
thickening projects into the pith, 

2. Formation and * Activity of 
the Cambium in the Root. — As 
has been seen (Fig^. 160, 161), the 
strands of xylem and phloem alter- 
nate in the central cylinder of the 
root; they are separated by inter- 
vening parenchymatous tissue. 

When secondary thickening begins 
in such a root cambial layers arise 
internal to the strands of phloem, and between these and the strands 
of xylem, by divisions taking place in some of the parenchymatous 
cells ; the cambium forms wood towards the centre and bast towards 
the outside. These arcs of cambium meet in the pericycle just outside 
the xylem strands and the cambial ring is completed from the peri- 
cycle. The wavy outline of this is shown in Fig. 171 yi; by the 
activity of the cambium in producing new tissues the depressions 
in the ring are soon evened out (Fig, 171 B). Primary medullary 
. rays are absent from the wood and bast, but secondary medullary rays 




Fig. 171. — Diagrammatic representation of ttie 
growth in thickness of a dicotyledf)noiis 
root, pr, Primary cortex ; c, cambium 
ring; g'y primary vascular strand; ' s% 
primary phloem strand; p, pericycle; e, 
endodermis; secondary wood ; s", second- 
ary bast; 7c, periderm. (After Strasbukger.) 
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originate as in ihe steiix. In some plants wide parenchymatous rays 
are formed by the cambium opposite the strands of primary xy.Iem 
(Fig. 171 B). A cross-section of a root in which the secondary growth 
lias continued for some years can scarcely be distinguished from a 
cross-section of a stem ; by careful examination, howeverj the character- 
istic strands of primary xylem can be recognised in the centre of the 
root. 

Repeated Formation of Cambium in Stems and Roots- — Deviations from tbe 
usual type of secondary growth as found in most Gym nosperms and Dicotyledons 

are met with in some cases. 
These anomalous types are 
characterised by differences in 
the distribution and in the 
activity of the cambium. 

In some Cycadeae and cer- 
tain species of Gnetum among 
the Gymnosperms and in the 
Chcnopodiaceae, Aniaraiita- 
ceae, Nyctaginaceae, Phyto- 
laccaceae, and some other 
families of Dicotyledons, the 
first ring of cambium, which 
arose in the usual "way, ceases 
to function after a time, A 
new zone of cambium forms 
usually in tbe pericycle, ze. 
external to the bast, or else in 
tissue derived from the earlier 
cambium, The new cambium 
forms bast externally and wood 
internally, these tissues being 
traversed by medullary rays. Its activity in turn comes to - an end and its place 
is taken by a new cambium formed outside this zone of bast. The process can be 
repeated and leads to the production of concentric zones each composed of wood 
and bast. This is seen, for example, in the transverse section of the stem of 
aUissiniai a liane belonging to the Papilionaceae which is represented in Fig. 172. 
Such concentric zones of wood and bast are met with in some succulent roots 
which persist for two or more vegetative periods. This is the case in the Beet 
{Beta vidgaris), where the zones can be readily recognised with the naked on 
cross -sections. They arise as described above, but, as in the case of the typical 
secondary growth of other succulent roots, parenchymatous tissue which serves for 
storage of reserve materials forms a large proportion of the newly-developed tissues. 

3. The Wood. A. Kinds of Tissue and their Functions. — The con- 
struction of the wood is complex, and in Dicotyledons it is usually com- 
posed of three distinct types of tissue the walls of which are more or 
less lignified. These are : (1) longitudinally-running strands of dead 
VESSELS (Fig. 173 g,tg) ; (2) longitudinally-rimning strands of scleren- 
cbymatous fibres, woob-fibres {h), that are usually dead ; (3) storage 



Fig. it*!.— T ransverse section of the stem of Mucuna altia- 
sima, i, 3, Successively* formed zones of wood; 

successively-formed zones of bast ; 5’, are 
commencing to form -within the pericycle, (f nat. size. 
After ScHENCK.) 
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PARENCHYMA wMch forms loDgitadinally-running strands, and 

ill the medullary rays is also directed radially ; this constitutes the 
WOOD PARENCHYMA and PARENCHYMA OF THE MEDULLARY RAY'S. 
Corresponding to this the wood serves (1) for Avater- conduction, (2) 
to render the stems and roots rigid against pressure and bending, and 
(3) for the storage of organic materials. The properties which make 



g iff gt i ft h gh ef Ivp 


Fk;, 17A — Trudioae, traclieides, wood -fibres, and wood parencliyma of a Dicotyledon with 
transitioii-fornis between the various elements. Diagrammatic, Explanation in text. (Modified 
after Strasuurger.) 

wood such a valuable building material depend upon its natural 
function as a mechanical tissue. 

The various kinds of cells of which the wood is composed can be most readily 
studied by treating wood with Schultze’s macerating mixture (cf. p. 42). 

The vessels are pitted or less commonly reticulately thickened. 
The tracheae may be wide and composed of short segments, or narrow 
and formed of more or less elongated cells (Fig. 173 y, tg)\ the 
tracheides are narrovr and elongated and serve both for eon(iuction 
and as mechanical tissue. The wood-fibres, ,{A) are usually very long 
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and narrow, pointed at both ends, and with thick walls provided with 
narrow oblique pits. The cells of the storage parenchyma (hp) are 
rectangular and prismatic or are spindle-shaped ; they are usually 
elongated in the direction of the long axis and have either thin or 
thick walls with small, circular, simple pits. They contain abundant 

reserve materials (starch, oil, or sugar). 
Intercellular spaces only occur in the paren- 
chymatous strands. 

In many Leguminosae, in the Willow, Poplar, 
and species of Ficus, the water-conducting elements 
of the wood consists of tracheae only. 

The tracheides and wood-fibres are frequently 
more than 1 mm. in length and are considerably 
longer than the cambial cells from which they arose. 
This increased length, like the increased width of 
the larger tracheae, is attained by sliding growth 
(p. 48 ; Fig. 174). In the formation of wood paren- 
chyma the cambial cells undergo repeated transverse 
divisions. The resulting parenchyma thus consists 
of rows of cells, the origin of which from a cambial 
cell is indicated by the row ending above and below 
in a pointed cell (Fig. 173 ^ ^ 

The walls between cells of the wood parenchyma 
or medullary rays and the vessels have bordered 
pits on the side towards the vessel only^ wMle^^ t^^ 
larger pits in the living cell have no borders ; such 
pits, in contrast to those bordered on, both sides, 
are characterised by the absence of a torus from 
the pit membrane. The walls separating vessels 
and wood-fibres and those between the latter and 
parenchyma cells are, on the other hand, usually 
without pits. 

In woods composed of vessels, wood-fibres, and 
there are frequently transition forms 
wood-fibres. J, In tangential between the typically - constructed elements, and 
longitudinal section; II, in there is a corresponding lack of sharp distinction 
transverse section along the as regards function. Narrow tracheae (Fig. 173 
dotted line m J. A, 1 , 11 , cells tracheides (Fig. 173 gt, t). Narrow, 

in the young condition ; B, I, JJ, • i • ^ j j. i j. x 

after sliding growth has taken sharply-pointed tracheides (fibre tracheides, ft), the 
place. (After Rothert.) function of which is mainly mechanical, form the 

transition to the wood-fibres (/O- Slightly thickened 
wood-fibres which retain their living contents (ef) and are either without or with 
transverse walls (gh) form the transition to the cells of the wood parenchyma (Jip), 

In the wood of Gymnospepms there are only tracheides with 
typical bordered pits, together with some wood parenchyma and a 
considerable amount of psirenchyma of the medullary rays. The 
division of labour is here less advanced, the same elements being 
concerned with the mechanical and water- conducting functions. 
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Drimys^ belonging to the Magnoliaceae, is a Dicotyledon with wood 
composed of tracieides and parenchyma only. 

B. Arrang’ement of the Tissues in the Wood. — In the 
Gymnosperms (Figs. 175-177) the wood of the stems and roots has 
thus a relatively simple structure. The tracheides are arranged 
in regular radial rows (Fig. 175 A)^ in correspondence with their 
mode of origin. Since they increase in size mainly in the radial 
direction, and hardly at all in the tangential and longitudinal 


. 175.—^, Transverse section of tlie wood of a Pine'at the junction of two'annual rings. /, Spring 
wood ; s, autumn wood ; bordered pit; «, interposition of a new row of tracheides ; resin 
canals; m, medullary rays; g, limit of autumn wood, (x 240.) Part of a transverse 
section of the stem of a Pine, s, Late wood ; c, cambium ; n, sieve-tubes ; p, bast parenchyma ; 
fc, ceil of bast parenchyma containing crystal ; ci?, sieve-tubes, compressed and functioniess ; 
m, medullary ray. (x 2*10. After Schenck.) 


directions, they retain the same form as the cainbial cells (Fig, 169). 
They have large, circular, bordered pits frequently only upon their 
radial walls ; the pits are thus seen in surface view in radial sections 
(Figs. 70 ii, 71 A). 

In the wood of most Gymnosperms there is relatively little parenchyma. In 
the Pines, Firs, and Larches parenchyma is found only around schizogenous resin- 
canals which run longitudinally in the wood (Figs. 175 A, h\ 179 h\ and are 
connected by others which run radially in some of the broader medullary rays, 
For this reason^considerable amounts of resin flow out from the wounded stem of a 
Pine or Fir. In the other Conifers the wood parenchyma is limited to simple rows 
of cells, the cavities of which may later become filled with resin. 
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The medullary rays in the wood of Gymnosperms are numerous, 
and for the most part only one layer of cells broad {Figs. 175 ni, 
177 sm, te; 179 ms). Every tracheide abuts in the course of its 
length upon one or more of these medullary rays. The cells of the 
medullary ray are elongated in the radial direction ; they contain 
abundant starch and are associated with intercellular spaces (Fig. 
177 i). They serve to transfer the products of assimilation, formed 
in the leaves and conducted downwards in the bast, in a radial 
direction into the wood of the stem or root, where storage takes 



Fio. ItG.— Radial section of a Pine stem, at the junction of the ^vood and bast, d, Autmnn 
tracheides ; t, bordered pits ; c, cambium ; u, sieve-tubes ; vt, siove-pits ; tracheidal 
medullary ray cells ; m, medullary ray cells in the wood, containing starch ; sm', the same, in 
the bast; medullary ray cells, with albinninous content, (x 240. After Schenck.) 

place ; they also conduct water from the wood outwards. The 
medullary rays are suited to perform these functions, since, as has 
been seen, they extend into both the wood and the bast (Figs. 175 5, 
176, 179). The intercellular spaces communicate with the intercellular 
system of the cortex and allow of the necessary gaseous exchanges 
between the living cells in the wood and the external atmosphere. 

In certain Gymnosperms, especially the Pines, single rows of ceils of the 
medullary ray in the wood (usually the marginal rows) are tracheidal and without 
living contents ; they are connected with one another and with the. ti’acheidcs by 
means of bordered pits (Fig. 176 tm). They are protected against compression by 
the living turgeseent cells of the medullary ray by means of special thickening of 
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their walls. These tracheidal cells facilitate the conduction of water in the radial 
direction between the traclieides, which are only on their radial walls. In 

most other Conifers, in which such tracheidal elements in the medullary rays are 
wanting, there are tangentially-placed bordered pits in the traeheides of the wood, 
and these allow of the movement of water in 
a radial direction. The parenchymatous cells 
of the medullary rays of the wood are connected 
witli the traclieides by means of large pits 
bordered on one side (Fig. 1/7 et). 

Owing to climatic variations, the 
cambial tissue of Gyninosperms, as of 
most Dicotyledons, exhibits a periodical 
activity^ which is expressed by the for- 
mation of ANNUAL RINGS of growth 
(Figs. 178, 179). In spring, when new 
vshoots are being formed, wider tracheal 
elements are developed than in the follow- 
ing seasons (Fig. 175^). For this reason 
a difference is perceptible between the 
EARLY WOOD (spring wood), which is 
composed of large elements especially 
active iii the conveyance of water (Fig. 

175/), and the late wood (autumn 
wood), consisting of narrow elements 
which impart to a stem its necessary 
rigidity (Figs. A, s, 179). Through- 
out the greater part of the temperate 
zone, the formation of wood ceases in 
the latter part of August until the follow- 
ing spring, when the larger elements of 
the spring wood are again developed. 



Owing to the contrast in the structure of 


Fid. 177. — Tangential section of the 
autumn wood of a Pine, t, Bordered 
I>it ; tm, tracheidal me<3ullaiy ray cells; 
sm, medullary ray cells containing 
starch ; ct, jut bordered only on one 
side ; i, intercellular space in the 
medulUiry ray. (x , 240. After 

SCUENCK.) 


the spring and the autumn wood, the 
limits (Figs. 175 //, 179 i) bet^veen suc- 
cessive annual rings of growth become 
so sharply defined as to be visible even to the naked eye, and thus 
serve as a means of computing the age of a plant. The limits 
betw’eeii the annual rings are less evident in the root, all the wood 
resembling .spring wood. The cambium of the root may remain active 
throughout the winter and only pass into a resting condition at the 
commencement of the new vegetative period. 

In a stein or root that has undergone secondary tbickening fewer annual rings 
will be seen on the cross-section the nearer this is made to the growing point. 
The older animal rings and the older layers of bast disappear in order of their age 
as the tip is approached. 

Under certain conditions the nuinher of annual rings may exceed the number of 
years of growth. When the leaves are destroyed, by frost, caterpillars, or other 
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injurious influences, tlie buds destined for the succeeding spring may unfold, and 
the formation of the new foliage brings about a second formation of spring wood. 
On the other hand, woody plants that usually have definite annual rings may 
exceptionally show a smaller number of rings than that coiTesponding to their 
age, owing to the limits between some of the rings not being clearly marked. In 
this way the number of rings on one 
radins of the stem may he less than 
w^hen they are counted on another 
radius. 


The wood of the stems and 
roots of Dicotyledons can he 
readily distinguished from that 
of a Gymnosperm even when 
only slightly magnified (Figs. 




Pig. 178. — Transverse section of a stem of 
Tilla uhnifolia, in ttie fourth year of its 
growtli. ^)r,jPrimary cortex ; c, cambium 
ring ; cr, bast ; ptn, primary medullary 
i-ay ; pm', expanded extremity of a primary 
medullary ray ; sm, secondary medullary 
ray ; g, limit of third year’s wood. ( x C. 
After Sghenck.) 


Fig. 179. —Portion of a four -year -old stem of the 
Pine, Fimis sylvestris, cut in winter, q, Transverse 
view ; I, radial view ; t, tangential view’’ ; /, spring 
w’ood ; .s, autumn w’ood ; m, medulla ; p, proto- 
xylem ; 1, % S, 4, the four successive annual rings • 
of the w^ood ; i, junction of the w'ood of successive 
years ; ms', ms"', vis, medullary rays in trans- 
verse, radial, and tangential view^ ; ms", radial 
view of medullary rays in the bast ; c, cambium 
ring ; h, bast ; U, resin canals ; bark, external 
to the first periderm layer, and formed from 
the primary cortex. ( x 6. After Sghenck.) 


180, 181, 182). Not only are wood-fibre>s and usually wide tracheae 
present, in addition to tracheides and parenchyma, but the unequal 
growth of the various component elements leads to a departure from 
their original radial arrangement. In the spring wood there are 
numbers of very wide vessels (Figs. 180, 181m), while narrow 
wood-fibres (1) and fibre tracheides (t) predominate in the autumn 
wood. 

In some Dicotyledons the annual rings are not distinct because the various 
elements of the wood are nearly uniformly distributed in the season’s growth. 
This is the case in the Willow, and in the Wild Yine it may be impossible to count 
the rings. In the woody plants of tropical regions, when there is no seasonal 
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interruption of growth, aiimial rings may also he wanting, hut in many cases zones 
resembling the annual rings occur. 

The \vater-conductlng elements of the most recently formed annual rings are 
the only ones that are in direct connection with the leaves of the corresponding 
period of vegetation. Since there is a sudden demand for a considerable amount 
of water for transpiration when the leaves unfold in the spring, the provision of 
conducting channels in the spring wood is readily comprehensible. In many 
woody plants the foliage is not further increased during the summer, and the 
cambium can therefore form mechanical tissue in the autumn wood. 



Fig. 180. —Portion of a transverse section of the wood of Tilia idmifolia, Large i)itted 
vessel; t, tracheides; I, wood-tibro; wood parenchyma; r, raedulljiry ruy, (x 540. After 
Stbasbuegee.) 

In spite of tlie variety in the structure of the wood of Dicotyledons 
there are some constant features in the arrangement of the different 
tissues. The vascular strands composed of tracheae and tracheides, 
while they ramify in the radial and tangential directions, form 
continuous longitudinal tracts from the roots to the finest tips of the 
"" branches. Were this not so the needs of the shoot-system as regards 
its water supply would not be met. Wood parenchyma (Figs. 180 , 
181 y?), which is well developed in most dicotyledonous woods, also 
forms longitudinal strands or layers which, however, end blindly 
above arid below. These form along with the medullary rays a 
connected system of living cells. The vessels always stand in 
connection with these living cells, being sometimes surrounded 
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by tbeni and in other cases in contact with them on one side 
(Fig. 180 j9). 

The wood parenchyma surrounds the vessel in Acacia, etc. ; it forms tangential 
bands in which the vessels are embedded or with which they are in contact in 

Walnut, Chestnut, Oak, etc. ; in some cases 
it is limited to the outer side of the annual 



The MEDULLARY RAYS (Figs. 178 
Sill] 180, 181 r) resemble those of 
Gym nosperms in being radially- 
of 


i!> ^ i/ r I p 

Fio. ISl.— Tangential section of the wood 
of Tilia ulmifoUa. m, Pitted vessel ; 
tf spiral tracheides ; p, wood paren- 
cliyina ; I, wood-libres ; r, medullary 
rays, (x 160. After Sohenck.) 


the 

placed bands of tissue, of greater or 
less vertical height, and one or a 
number of cells in breadth ; they may 
be branched or unbranched (Fig, 182 
tin, sm). They are continuous across 
the cambium into the bast (Fig. 178). 
The vascular strands are in contact 
with them at places. The parenchyma 
of the medullary rays thus connects 
the parenchyma of the bast with that 
of the wood, and unites all the living 
tissue of the stem and root into a single 
system. Assimilated material moving 
downwards in the bast can thus pass 
radially into the wood and he carried 
in this for some distance upwards or 
downwards, to be stored as starch in 
the living parenchymatous cells. The 
intercellular spaces, which accompany 
the medullary rays and the strands 
of wood parenchyma, allow of the 
gaseous exchanges necessary for the 
living elements of the wood. 


The intervals between the strands 
of vessels and of parenchyma and the medullary rays are occupied 
by strands of wood-fibres (sclereiichyma). 

The height and bread tlx of the medullary rays are most readily seen when they 
are cut across in tangential longitudinal sections of the stem ; the rays then appear 
spindle-shaped (Fig. 181 r). In most woods their size varies only within narrow 
limits, but in others, such as the Oak and the Beech, the range is greater. In the 
Oak there are medullary rays which are 1 mm. wide and 1 dm. high, while 
numerous small rays occur between these. In the Poplar, Willow, and Box all 
the rays are so small as to be with difficulty distinguished even with the aid of 
a lens. In some lianes (e.g. Aristolochia) the primary rays are particularly wide 
and high, and may extend for the length of a whole internode. 
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111 Dicotyledons also, as is very well shown in the Willow, the marginal cells 
of the medullary rays usiiall}?- stand in relation to the adjacent %vater-eonducting 
elements by means of pits bordered on one side ; these living cells are Iiigber 
than those of the middle rowvS (Fig. 182 tm). The latter are more extended 
radially and have no special connection with tlie water-conducting elements. 
They serve for the conduction and storage of assimilated materials (Fig. 182 sm). 

The jiarenchymatous cells of the medullary rays and of the wood which 
adjoin the vessels take water from the latter and hand it on to the other living 
cells. In spring, on the other hand, they pass a large X)art of the stored assimilated 
material (especially glucose and small amounts of albuminous substances) into the 
vessels, so that these substances can be quickly transported to the places where 


Fig. 182. —A radial .section of the wood of 
TiMa vlim/olia, showin" a small medul- 
lary ray. f/, Vessel ; 1, wood filires ; tm, 
medullary ray cells in communication 
W'ith the water-channels by means of 
pits : $m., conducting cells of the 

medullary ray, (x 240. After 
SCHKNCK.) 


i. 183. — Transverse section of a vessel from 
tlie heart-wood of J^oh^nm Pscudaama, closed 
by thyloses ; at a, a is shown the connection 
between the thyloses and the cells from which 
they have been formed, (x 300. After 
SOHEXOK.) 


they are required. Owing to this, sugar and proteids can be demonstrated in the 
vessels during the winter and early spring. These substances are also present in 
the sap tliat exudes wdien holes a, re bored in the stems of Birch, Maple, and other 
trees in the spring. 

Grain of the Wood. — The technical value of certain woods is aliected not 
only by the colour but by the graining. This depends in the first place on the 
arrangement of the annual rings and medullary raj^s, but also in many cases 
(e.g. Hazel) upon a wavy course of the elements of the wood ; this may be brought 
about by the crowded arrangement of lateral or adventitious buds or lateral roots, 
or by the stimulus of wounding. 

C. Subsequent Alterations of the Wood. — In the majority 
of trees the living elements in the more centrally - placed older 
portions of the woody mass die and the water channels become 
stopped up, leading to the formation of what is known as the 




168 


BOTANY 


PAET I 


HEAKT-wooD. Only the outer layer of the wood composed of the 
more recently -formed annual rings thus contains living cells and 
constitutes the splint- wood. Reserve materials can only be stored 
in the splint-wood, and water-conduction is also limited to this, Md 
indeed to its outermost portion, since, as has been seen, it is only the 
peripheral vessels that are in connection with the leaves and the 
youngest lateral roots. The heart-wood serves only for strength. 
Less commonly the whole of the wood persists as splint-wood (species 
of Maple, Birch). The heart-wood is usually darker in colour than 
the splint -wood and is also denser, harder, and stronger ; it is protected 
against decay by impregnation with various substances. In other 
cases the heart- wood is not distinct in colour from the splint- wood 
and readily decays ; this leads to the hollow stems so often found in 
old 'Willows. 

The whitish yellow splint- wood contrasts most strongly with the heart- wood 
when the latter is dark in colour ; thus in the Oak it is brown and in the Ebony 
{Diospyros) black. The heart- wood appears to be more durable the darker it is. 
Before their death the living cells of the wood, which lose their reserve materials, 
usually form various organic substances, especially tannins, which impregnate the 
walls of the surrounding elements, while resinous and gum-like products accumu- 
late in the cavities. The tannins preserve the dead wood from decay, and their 
oxidation products give its dark colour. The vessels are sometimes' occluded by 
accumulations of gum, and at other times by cells which fill up the lumen more 
or less completely, and are spoken of as thyloses (Fig. 183) ; they originate 
by the adjoining living cells growing into the vessels through the pits, the 
membrane of which they press inwards. Thyloses also form in wounded vessels 
and occlude the lumen. Inorganic substances are not uncommonly deposited *in 
the heart- wood ; thus calcium carbonate occurs in the vessels of Ulmus campestris 
and Fagus sylvatica, while amorphous silicic acid is deposited in the vessels of 
Teak {Tectona granclis). Colouring matters are obtained from the heart- Tvood 
of some trees, e.g. Haematoxylin from Haematoxylon campcchianum L. (Campeachy- 
wood, Logwood). 

4. The Bast A. Kinds of Tissue and their Functions. — 
Three types of tissue can also be distinguished in the bast (Figs. 175 
B, 184) : (1) Longitudinally-running strands of sieve-tubes {v) with, 
in the Dicotyledons, companion cells {c)i {2) in many plants longi- 
tudinal strands of sclerenchymatous fibres (bast fibres) that are 
as a rule dead (Fig. 184 Z); and (3) parenchyma with intercellular 
spaces arranged both longitudinally (p) and in the medullary rays 
(Figs. 175 R, m; 184 r). In addition secretory cells of various 
kinds may be present containing crystals {k) or latex. The bast, like 
the phloem of the vascular bundles, serves mainly to conduct the 
products of assimilation. It also is of use for the storage of organic 
substances and frequently as a mechanical tissue. In many plants 
the sieve* tubes have oblique end-walls (Fig. 184 «;^); they are thin- 
walled and unlignified, contain proteids, and usually I'emain functional 
only for a short period. The bast fibres are long .and narrow and 
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have strongly -thickened walls that may be lignified or not. The 
parenchymatous cells are elongated in the direction of the strand; 
they are living cells with abundant reserve materials and thin 
unlignified wails. 

At a certain distance fs*om tlie cambium the sieve-plates become overlaid by 
callus. During the vegetative period following their development the sieve- 
tubes become empty and compressed together (Fig.. 175 cv). Less often, as in 
the Yine, the sieve-tubes remain functional for more than one year ; the callus is 
removed when their activity is resumed. The rows of bast parenchyma cells 
containing albuminous substances which are found in some Conifers undergo 
disorganisation at the same time as the adjacent sieve-tubes ; the bast parenchyma 



Fig. 18-1.— Portion of a transverse section of the bast of Tilki vlmifolia. % Sieve-tubes ; u*, 
sieve-plate ; c, companion cells ; k, cells of bast parencliynia containinj? crystals ; bast 
parenchyma ; I, bast fibres ; r, medullary ray. (x 540. After Steasbukger.) 

cells w'hich contain starch, on the other hand, continue living for years, and even 
increase in sixe, while the sieve-tubes become compressed. 

B. Arrangement of tbe Tissues in the Bast. — This re- 
sembles the arrangement in the wood. The strands of sieve-tubes 
form branched tracts in which the sieve-tubes have a continuous 
course from the roots to the foliage. The sieve-tubes, and the 
longitudinally-running bast parenchyma, are related at intervals to the 
medullary rays (Fig. 179 ms"), which have been seen to be the 
continuation of the medullary rays of the wood. Thus the products 
of assimilation from the foliage, can either pass in the bast towards 
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tie roots or tliroiigh the medullary rays to be stored in the living 
cells of the wood. 

The different tissues of the bast are often arranged in very regular 
tangential bands only interrupted by the medullaiy rays (Fig. 184). 
The periodicity of the cambium is not, however, evident in the bast, and 
there are no annual rings. The cambium continues to produce bast 
after the formation of the autumn wood has ceased. 

In the Lime, for example (Fig. 184), there is an alternation of zones of sieve- 
tubes (^’) with companion cells (c), starch-containing bast parenchyma (p), cells 
containing crystals (k), bast fibres (1), and flattened cells of bast parenchyma 
followed again by sieve-tubes. The differences in the appearance of the bast of 



FiCr. 186. — Transverse section of the outer part of a one-year-old twig of Fyrus communis made in 
autumn. It shows the commencouieiit of the formation of the periderm, p, Cork ; pg, 
phellogeu ; pd, phelloderm ; col, collenehyma. The cork cells have their. outer walls thickened 
and have brown dead contents, (x 500. After Schenck.) 

different woody plants are due to the greater or less diameter of the sieve-tubes, 
the presence or absence of bast fibres, and to the mode of arrangement of the 
various elements. 

In the Pine and various other Abietineae, rows of cells with abundant 
albuminous contents occur at the edges of the medullary rays (Fig. 176 em). They 
are in close contact with the sieve-tubes and connected with them by sieve-pits, 
and become empty and compressed at the same time as the sieve-tubes. In 
Dicotyledons the medullary rays in the bast are. more simply constructed than in 
the wood. The pitting of the cells of the medullary rays of Dicotyledons, which 
connects them not only with the hast parenchyma but also with the companion 
cells of the sieve-tubes, stands in relation to the taking up of assimilated material 
as it is passing downwards.. 

Effect of the Secondary Thickening on the Tissues external to 
the Cambial Ring. 1. Dilatation. — Since the cambium continues 
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to form wood to the inside, and bast to the outside, the stem or root 
exhibits a secondary increase in thickness. Those permanent tissues 
which are sitiuited externally 

to the caiiibial ring (the epi- " ' 

dermis, cortex, primary phloem, 

and the bast) are naturally 

affected by this. They are 

tangentially stretched, com- 

pi'essed, displaced, or torn ; they 

may also grow in the tangential 

direction (btiatation). This " L^po 

latter process is naturally 

limited to the living cells of 

the cortex, the phloem, and the 

bast, including those of, the 

mediillaiy rays ; in some woody z 

plants even the epidermal cells 

talce part in the dilatation (^^). 

All these cells may grow con- 
siderably in the tangential direc- 
tion and then become divided 
by radial walls. In the bast 

such growth is frequently very 7 

marked in the case of the 

medullary rays; in the Lime 

this leads to the formation of a 

secondary meristem which gives 

cells to either side in the tan- 
gential direction, so that the 
medullary rays of the bast widen '' 

year by year towards the outside Fig. iso. — T ransverse section of the peripheral 
(Fi^. 178 pni). The sieve-tubes tissues of the stem of Quercm aesdlijlont. 1, S, S, 

. n 1 . T Successively formed layers of cork ; pr, primary 
and tboir companion cells, which modrnod by suteeqnent growth; in. 

only remain functional for a short terually tope, peilcycle; ««, sclerenehymatous 
time and then die, are com- ® s of seierenchy. 

'•,1 ri i matous fibi'cs of the pericycle; s, suhsequentiy 

pressed along with the secretory formed sclereides ; s', sclereides, of secondary 

cells. The sclerenehymatous growtli;er, bast fibres with accompanying crystal 

fplk ni fhf^ ^>nrtf‘x and ba«st cells ; 7v, cells with aggregate crystals. All the 

ceils Ot tiie cortex ana oast, tissue external to the innermost layer of cork 

which are usually non-living is dead and discoloured and has become tranS' 
elements, also take no part in formed into bark, (x m After Schenck.) 

the dilatation. When a hollow 

cylinder of sclerenchyma is present in the cortex (Fig. 186 $g), it 
becomes torn in the tangential direction; the parenchymatous cells 
grow into the spaces, and in many plants become transformed into 
thick-walled stone cells (Fig. 186 s). Parenchyma cells, or groups 
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of them in the cortex and bast, may also be developed as scleren- 
chymatous cells during the process of dilatation. 

The ex)idermis may continue to expand for years in some species of Rose, 
Acacia, Holly and Maple, and in the Mistletoe. The outer walls of the cells are 
usually strongly thickened, and when ruptured on the surface become reinforced by 
new layers of thickening deposited within. 

2. Periderm. — As a rule, however, the epidermis does not take 
part in the dilatation but is passively stretched and ultimately 
ruptured. A new limiting tissue is thus required to protect the 
underlying tissues from drying up. This arises as the cork by the 
activity of a special secondary meristem, situated at the periphery 
of the organ (Fig. 185). 

This 00RK-CAMB!UM or PHELLOGEN is usually formed in the first 
season, soon after, or even before, the commencement of secondary 
growth. It may arise from the epidermis by tangential division of 
its cells. More usually, liowever, it is formed from the layer of 
cortex just below the epidermis, less commonly from a deeper layer 
of the cortex or from the pericycle. The last ease is the rule for 
roots (Fig. 171 B,k), The meristem and ail the products of its 
activity are known collectively as the periderm. The cells cut off 
to the outer side become CORK-OELLS ; those developed to the inner 
side become unsuherised cells with abundant chlorophyll, which round 
off and are added to the cortex. With the formation of the periderm 
the surface of the stem appears brown. 

The cells formed on the inner side by the phellogen are termed collectively tlie 

PHELLODEllM. 

The cork-camhinm is as a rule a typical initial cambium (cf. p. 46), at least 
when it, forms both cork and phelloderm. An initial layer may, however, be granting, 
e.g. in many Monocotyledons ; in this case the permanent cells from which the 
cork cambium proceeds divide into a mmber of cells which become cork-cells, and 
the process is repeated in adjacent cells of the permanent tissue. 

Periderm formation takes place at a later period in those plants in which the 
epidermis continues to expand for years; it is wanting only in the species of 
Mistletoe. 

True cork is wanting in Cryptogams, even in the Pteridophytes, When protec- 
tion is required its place may he taken by the impregnation of the cell walls with 
a very resistant brown substance or by the addition of suberised lamellae to the 
walls, that is the transformation of certain layers of cells into a cutis tissue (^^). 

As the result of the activity of the cork -cambium thick fissured 
incrustations of cork may arise as in the Cork Oak from which bottle 
cork is obtained. The stratification which this exhibits marks the' 
annual increments. In. other cases a corky layer with a smooth outer 
surface only a few layers of cells thick is formed (Figs. 59, 185). 
This may allow of the secondary growth in thickness of the stem 
continuing for a long time before it ultimately becomes torn and 
is shed..: 
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Bottle cork (Fig. 58) is fomied of thick layers of soft wide cork-cells, internipted 
by thill layers of Hat cork-eells marking the limits of the year’s growth ; this can 
be recognised in an ordinary cork. The pores filled with a loose powder %Yhieli 
penetrate the whole thickness of the cork in a radial direction are the leiiticels 
(cf. 59). Tlie first layer of cork of the Cork Oak is artificially stri}»])ed otf down 
to the oork-earnhiiim after fifteen years. A new cambium then forms a few* cells 
deeper which provides the cork of economic value ; this is removed every 6 to S 
years. Since such dead coatings of cork cannot keep pace with the dilatation of 
the stem they gradually become fissured, 

3. Formation of Bark, — All tissues external to the cork-eambiam 
are cut off from supplies of water and food materials and consequently 
die. The dead tissue, including the layer of periderm, is termed bark. 
According to the depth at wdiich the periderm is formed this may 
include only the epidermis or a larger or smaller proportion of the 
cortex. The first layer of cork-cambium in stems and roots usually 
soon ceases to be active ; this does not happen in the Beech. A 
new layer of cork forms deeper in the stem, and its activity in turn 
comes to an end ; another layer forms still more deeply as showm in 
Fig. 186. Ultimately the layers of cork are forming in secondary 
tissues, in the living parenchyma of the zone of hast ; thus in old 
stems all the living tissue external to the cambium is of secondary 
origin and the bark includes dead secondary tissues. These are 
emptied of their food material and contain only by-products of the 
metabolism. The bark cannot follow the further increase in thickness 
of the stem or root, but is cast off in scales or torn by. longitudinal 
fissures. It forms an even more complete protection than the cork 
against both loss of water and overheating. 

Since in the formation of bark the more external and oldest parts 
of the bast are thus shed, the zone of bast remains relatively thin. 
Mechanical tissues can only be permanent constituents of the stem 
wdien formed internal to the cambial ring, i.e, in the wood. 

If the layers of the secondary periderm constitute only limited areas of the cir- 
cumference of the stem the bark will be thrown off in scales, as in the scaly bake of 
the Pine, Oak, and Plane tree ; if, on the contrary, the periderm layers form com- 
plete concentric rings, hollo'w cylinders of the cortical tissues are transformed into 
the so-called hinged bailic, such as is found in the Grai)e-vine, CJierry, Clematis, 
and Honeysuckle. 

When the bark peels off* from the stem in layers this is not a purely mechanical 
result ; it depends on an absciss layer consisting of thin- walled cork-cells or 
phelloid cells (cf. p. 59) which are formed between the other layers of cork with 
thickened walls. These absciss layers are ruptured by the hygroscopic tensions set 
up in the bark. Bark which is not easily detached becomes cracked by the con- 
tinued growth in thickness of the stem, and has then the furrowed appearance so 
characteristic of tlxe majority of old ti*ee-trunks. 

The usual brown or red colour of bark, as In similarly coloured beart-wood, 
is occasioned by the presence of tannins, to the preservative qualities of which 
is due the great resistance of bark to the acjtion of destructive agencies. The 


164 BOTANY PART I 


peculiar white colour of Birch-bark is caused by the presence of granules of 
betulin (birch-resin) in the cells.; 

Healiug of Wounds (^^).— In the simplest cases among land plants the wounded 
cells die and become brown and dry, while the walls of the underlying uninjured 
cells become impregnated with protective substances and sometimes also form 
suberised lamellae. In the case of larger wounds in the Phanerogams a cork- 
cambium forming wound-cork develops below these altered cells. Thus the leaf- 
scars left by the fail of the leaves (p. 119) are in the first place protected by the 
lignification and suberisation of the exposed cells, and later by the development of 
a layer of cork that becomes continuous with that coVering the stem. The open 
ends of the vessels in the leaf-sear become occluded witli wound-gum or tliyloses 
or both ; the ends of the si eve -tubes become compressed and lignified. 

When young tissue is exposed by /a wound, a formation of callus usually takes 
place. All the living cells which abut on the wound grow out and divide, becoming 
closely approximated. The surface of the new growth may at once become corky 
and thus afford the necessary protection. In most cases a cork-cambium forms 
in the peripheral layers of the callus and gives rise to cork. In stems of Gymno- 
sperms and Dicotyledons, wounds which extend into the wood become surrounded 
and finally overcapped by an outgrowth of tissue arising from the exposed cambium. 
While the callus tissue is still in process of gradually growing over the wounded 
surface, an outer protective covering of cork is developed ; at the same time a new 
cambium is formed within the callus by the differentiation of an inner layer of 
ceils, continuous with the cambium of the stem. When tlie margins of the over- 
growing callus tissue ultimately meet and close together over the wound, the edges 
of its cambium unite and form a complete cambial layer, continuing the cambium 
of the stem over the surface of the wound. The wood formed by this new cambium 
never coalesces with the old wood which is brown and dead. Accordingly, marks 
cut deep enough to penetrate the wood are merely covered over by the new wood, 
and may afterwards be found within the stem. In like manner, the ends of severed 
branches may in time become so completely overgrown as to be concealed from 
view. The growing points of adventitious shoots often arise in such masses of 
callus. As the wood produced over wounds differs in structure from normal wood, 
it has been distinguished as callus wood. It consists at first of almost iso- 
diametrical cells, which are, however, eventually followed by more elongated cell 
forms. In the Cherry instead of normal wood-elements nests of thin-walled paren- 
chymatous cells which undergo gummosis (p. 39) are produced on wounding 
the cambium. 

Restitution. — Secondary tissues often take part in the process of 
restitution, Le. the replacement of parts that have been lost. 

In the more highly organised plants the direct replacement of lost parts is 
extremely rare. It occurs most readily in embryonic organs, such as growing 
points, when portions have been lost, and is most often found in seedlings. Thus in 
seedling plants of Cyclcomeii even a severed leaf-blade has been found to be replaced. 
As a rule, however, when regeneration processes are requisite in higher plants, and 
the necessary preformed organs are not present in a resting or latent condition, the 
older tissues return to the embryonic condition and give, rise to new growing points 
of shoots. Since this provision for the indirect replacement of lost parts exists in 
plants, the fact that direct regeneration is far more frequent among animals than 
plants is. readily comprehensible. • , 


BIV, I 


MOEPHOLDGY 


165 


2. Adaptations of the Conmus to its Mode of Life 
and to the EnYiPonment 

The form and structure of the cormus are closely connected with 
its mode of life, which in turn depends 0 !i the eiudroiimeiit. Practi- 
cally ail plants thus appear adapted to the environments in which 
they are usually found. The uniform physiognomy exhibited by the 
plants of any locality, as well as the diSerenees in the physiognomy 
of the vegetation in localities which diSer in climate, depend upon 
this. The vegetative organs are therefore not typically constructed 
in all cormophy tes, ])ut are frequently altered or metamorphosed in 
a variety of ways. Yery careful developmental or anatomical investiga- 
tion may be required to show that the variously-constructed organs 
of many cormophy tes are derived by th e metamorphosis of the three 
primary organs, root, stem, and leaf, and to ascertain with which of 
these, any particular structure is really homologous. The external 
form and the functional activity of 'mature organs may be very mis- 
leading. One organ may assume the form and functions of another, 
e.g, a stem resembling a leaf ; different primary organs may take on 
the same forms in relation to performing the same functions .and thus 
be analogous but not homologous. As a rule, however, when all the 
characters of an altered organ are taken into consideration, some will 
leave no doubt as to its morphological origin. 

• The form of a plant and of its parts is determined in the first 
place by its mode of nutrition. Thus there are striking and important 
morphological differences between corinophytes which require only 
inorganic food materials (autotrophic plants) and those which 
require organic food (heteroteophic plants). 

A. Autotrophic Cormophy tes 

The green plants are structurally adapted to autotrophic life. The 
typical features of the construction of autotrophic cormophytes have 
been described above. The green cormophytes may exhibit consider- 
able variety among themselves, for their structure is adapted to the 
different features of the environments in wdiich they occur. 

Among the numerous factors in the differing external conditions 
WATER and LIGHT have by far the greatest influence on the form of 
green plants. This is' evident, for the plant can only carry on its 
life when sufficient water is available, and only when there is sufficient 
light can it construct organic substance from inorganic food materials 
and thus be autotrophic. 

(a) Adaptations to the Humidity of the Environment 

1, Water Plants. Hydrophytes (^^). — Special peculiarities in 
structure are found in plants which live in water. These can 
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absorb both water and nutrient salts and also the necessary gases 
(carbon dioxide and oxygen) from the water by the whole surface 
of their stems and leaves. In considering the conditions of life in 
water it is essential to know the amounts of various gases which can be 
dissolved and to contrast this with their presence in the atmosphere. 
One litre of air contains about 210 c.cm. oxygen and 0*3 c.cm. of carbon 
dioxide. In one litre of water at 20"^ 0., on the other hand, there 
can be dissolved only about 6 c.cm. oxygen, but 0*3 c.cm. carbon 
dioxide. There is thus available for the submerged plant as much 
carbon dioxide, or even somewhat more. There is, however, little 
oxygen, especially in the case of still water, since the diffusion of 
this gas in water is very slow. 

Eoots may be absent ( Utricularia, Cerato'phylhm, Wolffia) or 
only serve to attach the plant to the soil. The shoot, on the other 
hand, has become similar to a root, in that the thin walls of its 

epidermal cells have a 
very thin cuticle that 
offers little hindrance 
to the entrance of water. 
The large surface ex- 
posed by the fine sub- 
division of the lamina 
of the submerged leaves 
{Batrachkim^ Fig. 138, 

Fig. 187 .— Transverse section of the leaf otZannichelliapalustris. U tricularia, MyTlO^Jiyh 
( X 146 . After sche'nck.) lum, Ceratophyllu m) 

stands in relation to 

the slowness of the diffusion of gases in water ; floating and 
aerial leaves of water plants, on the other hand, are typically 
formed (heterophylly, cf. p. 116). As regards their anatomy 
the submerged leaves are characterised by the absence of stomata, 
and usually of hairs from the epidermis, the ' cells of which 
contain chlorophyll ; the mesophyll "has large intercellular spaces, 
and consists of uniform parenchyma, not showing the distinction 
of palisade and spongy tissue. The leaves in transverse section 
thus appear bilaterally symmetrical (Fig. 187). The feeble develop- 
ment of water- conducting elements in the stems and leaves, and 
the absence of secondary thickening, are related to the absence of 
transpiration, and of active transport of water. The support afforded 
by the surrounding water renders mechanical tissues unnecessary ; 
the pulling forces exerted in quickly -flowing water are met by the 
central position of the vascular bundle. 

The great development of the intercellular spaces is a striking 
feature of almost all aquatic and marsh plants. They are wide, and 
form a regular system of air-filled chambers and passages, which are 
separated by parenchymatous partitions, usually only one cell thick : 
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tins is the case, for example, in the stems of Pa;^iyTus^ Potamogeio/i, etc., 
in the petioles of the ISTymphaeaceae, 'and in the roots of Jussieua, 
Such tissue is termed aerenchyma. Since its wide air-passages 
serve for the storage of air, and allow of ready diifusion of gases 
within the body of the plant, the rapid transport of oxygen from 
the assimilating green organs to the colourless organs greatly 
f acili tates respiration. 

Ill some swamp plants, the subterranean organs of which are in swampy soil with 
little oxygen, ' special organs are concerned with obtaining this gas ; respiratory 
roots (PNEIJMATOPHORES, 

from the soil, and 
oxygen and carbon 
dioxide from the atmo- 
sphere ; their aerial 
shoots give off water in the form of vapour in the process of 
transpiration, 

A few plants of very moist habitats, especially the Hymeuophyllaceae of 
tropical forests, wdiich can absorb water by the general surface, form an exception. 
Some of them develop no roots but have a system of water-absorbing hairs on 
their stems or leaves which considerably increase the absorbent surface. 

The construction of land plants differs according to their 'occur- 
rence in constantly moist localities, dry localities or climates, or 
intermittently moist climates. 

(a) Adaptations to constantly moist Habitats. Hygrophytes (®®). 
— Terrestrial plants which inhabit situations in which the atmosphere 
is permanently moist, such as many tropical shade plants, are spoken 
of as HYGROPHILOTJS or HYGROPHYTES. Like water plants they have 
no need of arrangements to diminish transpiration but, on the 


Pig. 188.— -Respirafeory roots of Sonnenif/ui alha. (Rt'duced 
from a tigiire in Vegetaiionsbildern by Job. Schmidt.) 
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contrary, require to facilitate the giving off of water from the aerial 
shoots. Only in this way can a sufficiently active movement of 

water from the roots in the soil 
to the organs above ground be 
ensured to supply the requisite 
quantity of nutrient salts. Many 
hygrophytes, especially those that 
inhabit the mois test situations, 
resemble water plants in form and 
structure, 

Hygrophytes show a variety of ar- 
rangements to favour transpiration such 
as expanded thin leaf-blades, thin cuticle, 
and the situation of the stomata on 
exposed projections raised above the 
general surface. There are also peculi- 
arities in their leaves which, as Stahl 
showed, tend to get rid of the water after 
heavy rainfall as quickly as possible. 
Thus a drawn-out tip to the leaf-blade 
(deip-tip) or waxy coatings rendering 
the surface of the leaf unwettable 
facilitates the shedding of water from 
the leaf ; while a velvety surface, due 
to the presence of papillae, spreads drops 
of water by capillary action into an extremely thin film which readily evaporates. 
According to Stahl also the presence of pigments which absorb the rays of 
light and heat falling on variegated leaves raise the temperature of the leaf and 
maintain transpiration even in a saturated atmosphere. In guttation or the giving 
off of drops of liquid water from water-excreting organs or hydatiiodes, some of 
these plants have the means of giving off sufficient water when transpiration is com- 
pletely stopped. These organs are glandular surfaces or hairs which secrete water, 
or are special clefts in the epidermis through which water derived from the vascular 
bundles is forced (cf. Fig. 131). 

(b) Adaptations to physiologically dry Habitats or to dry 
Climates. Xerophytes Plants, the shoots of which are 

exposed to dry air while they have difficulty in obtaining an adequate 
or sufficiently rapid supply of water to make good the loss in trans- 
piration, require arrangements to diminish the latter process. The 
ordinary limitation of transpiration by closure of the stomata is not 
sufficient ‘ in the case of plants of exceptionally dry habitats or 
climates. Only a few cormophytes can withstand drying up, as do 
many Lichens and Bryophyta (cf. p. 222), and most of them die when 
wilting is carried far. 

Plants with such arrangements to diminish the loss of water are 
termed xeropi-iilous or xerophytes. . They are recognisable by 
their general habit. The morphological peculiarities which are 


Fig. 1S9. — Stilt-roots xu Jiliizopliora mwronata, 
in the Malay Archipelago. (After Karsten.) 
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involved in arrangements to diminish transpiration are refeixed to 
collectively as tlie xerophjtic structure (xekomokphy). Desert 
plants, the plants of dry rocks and many epiphytes, are naturally 
extreme xerophytes (cf. p. 1<S3), 

It is, howevci*, a striking fact that xerophytic structure is also met 
with in plants of quite different modes of life, where it is not at first 
sight comprehensible, cjj, in plants of high mountains or of high 
latitudes, in many swamp plants, in plants of the sea-coast (halo- 
phytes) (Fig. 195), even when, as in the case of the Mangrove 
vegetation of tropical coasts, they grow directly in the water, and 
lastly in many trees of the tropical rain-forest. Though much is still 
obscure regarding this, it is safe to assume that the majority of these 
plants are, at least 
periodically, in danger 
of losing more water 
by transpiration than 
they can make good b}" 
absorption from the 
soil. When they occur 
in relatively moist soils 
these appear to be more 
or less physiologically 
diy for the plants, lc., 
to be such as to render 
the absorption of water 
difficult. 

Both morphological 
and anatomical arrange- 
ments are concerned 
in diminishing tons- 

piration. Some of these adaptations may at the same time be pro- 
tective against strong insolation or overheating. 

The following are anatomical features which serve to diminish 
transpiration : thick epidermal coll walls and cuticle ; formation of 
waxy and resinous coatings, and, in the case of stems and roots, 
layers of cork ; redaction in the number of stomata ; narrowing of the 
stomata and their occlusion by resin ; sinking of the stomata below 
the general level of the epidermis, either singly (Fig. 190) or in 
numbers in special fiask-shaped depressions of the under side of the 
leaf {e,g. Oleander), or the over-arching of the stomata by adjoining 
cells so that they come to be situated in cavities protected from the 
wind. Hairs, whether woolly, stellate, or scaly, which early become 
filled with air and give the plants a whitish or grey appearance 
(Edelweiss, Australian Proteaceae, Olive), may serve as a protection 
against the sun's rays. On the other hand, evergreen leaves may be 
small, leathery, and relatively poor in sap {e,g, sclerophyllous evergreen 



Pig. 100.-— Transverse section of the epidevinis of Aha mgr leans, 
i, Inner, unciitinised thickening layer, (x 240. After 
STRASBUR<jEn.) 
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plants of the Mediterranean region, such as the Laurel and Myrtle). 
The small size of the intercellular spaces in the mesophyll is 
characteristic of the leaves of •vvell-marked sclerophylls (Fig. 193); 
there is often no spongy tissue, but frequently several layers of 
palisade cells beneath both upper and lower epidermis so that the 
structure of the leaf becomes bilaterally symmetrical. Some xero- 
phytes are independent of such protections against transpiration, since 
their highly concentrated cell sap enables them to absorb water from 
very dry soil (p. 228). 

These anatomical arrangements are usually associated with 
morphological peculiarities of the external form. 

Many xerophytes with small leaves have the branches crowded 
together to form a^dense cushion {e.g. many Alpine plants, Fig. 191) : 

not only is transpira- 
tion checked by this, 
but a protection 
against too strong in- 
solation is obtained. 

A very effective 
protection against 
ti;anspiration and 
light is obtained by 
the leaf surface being 
placed vertically 

Fig. Wl.—Bcioiilm mcmMillaria from Xew Zealand, showing the (Au^raliail AcaciaS 
eushion-like shape of the individual plant. (Prom Schimpeh’s and Myrtaceae) ; this 
piant^Geogmphy,) is often associated 

with a reduction of 

the lamina and a flattening of the petiole (phyllodes, Figs. 136, 192). 
A similar position of the leaves is met with in some of our native 
plants such as Laduca scariola, the Compass Plant in which ail the 
leaves stand vertically and in the direction of north and south. Such 
leaves avoid more or less completely the rays of the sun when this is 
at its highest, and excessive heating and transpiration are thus 
prevented. 

Very commonly the leaf surface is reduced. This takes place in 
the grasses of exposed situations by the inrolling of the upper surface 
(Fig. 194). In the Ericaceae, Genisteae, Cupressaceae, and some 
New Zealand species of Veronica (cf. also Fig. 195), it is effected by 
reduction of the lamina, which is completely lost in Cactaceae, in tree- 
like species of EuphorUa, and in some Asclepiadaceae. With the 
reduction in the leaf-surface the assimilation of carbon is also 
diminished, and a compensatory developnaent of chlorophyll-containing 
parenchyma takes place in the stems of such plants. The twigs of 
the Broom (Sarothamms scopafi€s% which bear only occasional leaves 
that are soon shed, are elongated and green '(sclerocaulous plants). 
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A striking modification is exhibited by shoots which only 
develop reduced leaves, while the stems become fiat and ieaf-Iike and 
assume the functions of leaves. Such leaf-like shoots are called 
CLADODEvS or piiYLLOCLADES, and GoEBEii proposes to distinguish 
those flattened shoots which have limited growth and specially leaf- 
like appearance as phylioelades, and to term other flattened axes 
y cladodes. An instructive example of 

formations is furnished by Bmeus 
I amleatus (Fig. 196), a small shrub of 

Hi I Mediterranean region whose stems 

(m their scale-like 

iff ■ |‘ ^lp\ ^^^‘'^ves (/) broad sharp-pointed cladodes 

« 1 1 ! which have altogether the appear- 

% I . A leaves. The flowers arise from 

S iSl ^ W ' surface of these cladodes, 

^1 ill iea'H^es, These 

W \ H phylioelades afford a good example of 

». "I \11 the analogy between organs. Their 

I II' \ H appearance and functions are those 




, 193,— Transverse section of tlie leaf 
of Capparis spinosa, var, aegyptiam^ 
(X 40, SCHIMPKR after VOLKENS.) 


■j, 192,— acacirt margimta, with vertically* 
placed plijdlodes. (From Schimpke's Plant* 
Geography. ) 


of leaves, but the morphological features mentioned above show that 
they are shoots. A leaf-like flattening of the massive stems which 
thus form cladodes is met with in the well-known Opuntias (Fig. 
197), the bases of the branches remaining narrow. 

The great development of sclerenchyma in the shoots of many 
xerophytes is associated with the development of thorns. Thus 
spiny shoots, though not lacking in other regions, are characteristic 
of many xerophytes of deserts and steppes. The thorns are lignifled 
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and rigid pointed structures that may either be unbranched or 
branched. They originate by the modification of leaves or parts of 
leaves (leaf-tpiorns), of shoots (shoot-thorns), or less commonly of 
roots (root-thorns). In the leaves 

borne on the main shoots are transformed into thorns which are 
usually tri-radiate, while the lateral branches bearing the foliage 
leaves stand in the axils of these thorns. In the Oactaceae also 
(Fig. 1 97 ) the thorns arise from leaf-primordia. In JRMinia (Fig. 198), 
and in the succulent species oi Euphorbia, the two stipules of each leaf 



Fia, 104.— Transvers*^ sections of the leaf of Stipa capillata. The leaf above in the closed stale, 
the half leaf below expanded. U, lower surface, without stomata ; 0, upper surface, with 
stomata (5) ; 0, ehlorophyllous mesophyll. (x 30. After Kerner von Marilaun.) 


form thorns. Shoot-thorns are found in Primus spinosa, Crataegus 
oxycantha, and Gleditschia (Fig. 199). In Colletia cruciata^ll the shoots 
are flattened and spiny, so that, in addition to serving as protective 
structures, they perform the duties of the leaves which are soon lost. 
The plant is an American shrub belonging to the Ehamnaceae and 
grows in dry sunny situations. Root-thorns occur on the stems of 
some Palms (e.g. Acanthorrhiza). 

Xerophytes may have swollen or succulent leaves or stems. The 
green, columnar, prismatic, cylindrical, or globular Euphorbiaceae and 
Oactaceae are examples. Many xerophytes not merely utilise water 
economically, but, when it is obtainable, store- water in special tissues 
against periods of need. When typically developed such water-storage 
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Fia, 200,— Plants with succulent steins, a, Stapelia grmdijbra; d, C&reus Pringlei 
'c, EuphorMderoscvi (J nat. size.) 


brought about a corresponding form in widely distinct plants (cf. Fig. 
200, a-c). This phenomenon of convergence of characters is not 
infrequent. In extreme cases the form of the stem or the leaf of 
succulent plants may approach thal df a sphere ; this, for a given 
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Piperaceae, Begoniaceae, species of Ficus, Tradescanfia). The water- 
storage tissue often has a more central position, and when largely 
developed gives the char- 
acter of succulent plants. 

In rare cases the roots 
are transformed for w^Cter- 
storage (e.^. Oxalis tetra- 
fliylla). Leaf-succulents 
are more common ie.g, 

Seclum, e r w % 

Agme, Aloe, Mesemhryan- 
themimi), while examples 
of stem - succulents are 
afforded by the Gactaceae, 
species of Euphorbia, 

' Stapelia, and other As- 
clepiadaceae (Figs. 1 97, 

200) and Kleinia among 
the Compositae. The 
columnar or spherical 
Gactaceae are especially characteristic of arid regions in the new 
world, while Euphorbias of similar habit take their place in the 
eastern hemisphere. Similarity in , the mode of. life has thus 


Fig. 198.— Part of stem and coin* 
pound leaf of Rohinia Pmul- 
acacia, n, Stipules modified 
into thorns ; g, piilvinus, 
Q nat. size. After Sghenck.) 


Fig. 190.— Stem- thorn of 
Gkditschia triacanthos. 
G nat. size. After 
SCHENCK.) 
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volume, exposes the minimum surface and Is thus advantageous in 
diminishing transpiration. Noll has estimated that the loss of v'ater 
from a spherical Ckctus is GOO times less than from an equally heavy 
plant of Arisiolochia sipho. 

Special interest attaches to vsome xerophytes in which the stems 
as well as the leaves aTe reduced. Thus in the epiphytic orchid 
TamiophjJlum (Fig, 201) the flattened green roots represent the 
vegetative organs and carry on the functions of the leaves. 

(e) Adaptations to periodically moist Climates. Tropophytes 
In some moist and warm regions of the tropics the climate remains 
almost equally favourable to the growth of plants throughout the 
year. Wherever, however, there is a marked periodicity in the 
climate, with an alternation between, a period favourable to the grow’th 
of plants and a more or less injurious season, a corresponding 



Pio. 2Ql,—Ta€i(io2J'h}ilhm Zollinger^ A xerophytic orchid withoiifc leaf or stem but with green 
tiattened roots, (Nat. size. From Schimper’s Flant-'G&ography, after Wiesner,) 

PERIODICITY is found in the vital processes of the plants. The resting 
period may be brought about either by dryness or by the cold of a 
winter season. Many of the plants living under such a climate show 
differences in structure as compared with those of uniformly moist 
tropical regions. Only those forms will succeed that can endure the 
unfavourable period in one way or another. The main danger when 
a cold winter alternates with a dimmer period lies in death from 
lack of water during the physiologically dry cold period. This 
..danger does not threaten extreme xerophytes since they are suited 
to dry' habitats in the favourable period, but does affect plants the 
structure of which is not xerophytic. Since the leaves as the organs 
of transpiration ai'e especially concerned, the shedding of the leaves 
before the unfavourable period in the case of deciduous trees or the 
dying down of the leafy shoots in many herbaceous plants is readily 
understood. Further, the embryonic tissue, from which the lost parts 
will he replaced at the commencement of the favourable season, may - 
require to be specially protected from the risk of desiccation. 
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The majority of our native cormophytic plants show such pro- 
tective arrangements against an unfavoural3le season. In the favour- 
able period they resemble hygrophytes in not recpiiring any special 
protection against excessive transpiration, but they behave as extreme 
xerophytes during the unfavourable period. Such plants are spoken 
of as tropophytes. 

The plants of periodically moist climates may be perennial woody 
plants (trees and shrubs), perennial herbaceous plants, and annual 
herbs. Each of these groups exhibits special means of protecting 

the transpiring surface and the embryonic 
tissues against drying. 

1. The woody plants (with the ex- 
ception of a few evergreens with xero- 
phytic leaves, such as /to, and the Coni- 
ferae) shed their leaves. The evergreen 
and the deciduous forms alike contrast 
with many tropical plants in protecting 
the growing points within WINTER buds 
(Fig. 202). 

Such buds are protected by the bud-soales 
whicli are in close contact. These may be derived 
from entire primordial leaves that remain iinseg- 
mented but more commonly are formed from 
the enlarged and modified leaf-base. The upper: 
portion of the leaf may scarcely develop or may 
he recognisable at the tip of the bud-scale in a 
more or less reduced condition. Thus in an : 
opening bud of the Horse Chestnut {AescuVus 

ri«. 202.-Winterbnas of the Beech Mppocasianum) in the spring the small leaf- 
(Fagus silvatiea). Bud-scalos. blade can be clearly seen in the case of the inner 
(Nat. size. After Schenck.) bud-scales, while it is scarcely visible on the outer 
scales. In otlier cases {e.g. in the Oak) the 
bud -scales arise from stipules and thus also belong to the leaf-base. The base of 
a subtending leaf may remain and cover the axillary bud after the rest of the leaf 
is shed. 

Bud-scales are thick, leathery, and hard, and usually brown in colour. They 
are rendered even more effective in protecting the buds from desiccation by corky 
or hairy coverings, by excretions of resin, gum, or mucilage, and by the enclosure 
of air between the scales. Resin, etc,, are usually secreted by peculiar, stalked, 
glandular hairs or colleteus (cf. Fig. 56) ; in the case of the winter buds of many 
trees {e,g. the Horse Chestnut) a mixture of gum and resin is thus secreted and, 
becoming free on the bursting of the cuticle, flows between the scales, sticking 
them together. When the buds open in the spring the bud-scales as a rule are 
shed. The internodes between them being very short, the scales leave closely 
crowded scars on the shoots by the help of which tlie growth of successive years 
can be recognised. 

2. The perennial herbs sacrifice not only the leaves but whole 
leafy shoots with their buds, so far as these project in the air and are 
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exposed to tlie danger of drying. The buds that persist through the 
yiiiter may be just above the surface of the soil but protected by 
fallen leaves or by snow, or they are subterranean and more effectively 
protected both against desiccation and frost by the surrounding earth. 

M'heji tlic persisting binls are above ground they may be borne on cree]>ing 
yiirbice slioots {c,g, SiKdfmfja, ^telUma Jiolostea, Thymus, etc.), or are subterranean 
slioots or rhizomes, as in the perennial rosette plants {BelUs, Taraxacum, PrimvJa), 
and iu biennials whicli pass the vantei- with a rosette of leaves {Cig. Ferhasciuii, 
Diy Halls, etc. ). Here 
also, as in the case of 
gcopliytes, subterra' 
iiean storage organs 
may occur. 

In the GEO- ■ 

PHYTEB or 

herbs wnth subter- 
ranean buds wdiich 
persist through the 
■winter, the parts 
■which beartlie buds 
ha^^e a construction 
corresponding to 
their life in the soil. 

They may be meta- 
morphosed shoots 
( RHI ZOlMESjTlTB E liS , 
bulbs), or meta- 
morphosed roots 
(root-tuberb). The 
]>uds that form new 
shoots in the spring 
require a supply of food materials, especially when they are placed 
some distance below the surface. These food materials -were constructed 
in the preceding favourable season before the aerial shoots died down. 
The subterranean organs, formed largely of storage parenchyma, are 
naturally thick or swollen, to allow of the accumulation of reserve 
materials. Such storage organs may be modified stems, leaves, or 
roots. They become gradually depleted at the commencement of 
the period favourable for vegetation, and then (except in the case of 
many rhizomes) perish and are replaced. 

{a) Root-stocks or RHIZOMES and stem-txjberb are colourless 
subterranean shoots, the former behig thick or relatively thin with 
shorter or longer internodes- (Figs. 123, 138), while the latter {e.g. 
the Potato-tuber, Pig. 203) are greatly thickened. The leaves, as is 
the rule in subterranean shoots, are developed as scales. The reserve 
materials are stored in tlie stem, which is on this account usually 



Ffij. L^irt of a growing Potato plant, Sdanwii Tiie 

wljole i)laut has been developed from the d.ark -coloured tuber 
in the centre. (From nature, copied frotn one of IbviLi.os’s 
illustrations, | nat. size. After Sghenok.) 
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swollen. By the presence of scale leaves, with their axillary buds, 
the absence of a root-cap and the internal structure, a rhizome or 
tuber can be distinguished from a root. While all transitions between 
rhizomes and shoot-tubers exist, roots are usually absent from the 
latter, while the rhizomes, which may grow horizontally, obliquely, or 
vertically, and be branched or nnbranched, as a rule bear roots. 

Id. Fig. 138 is shown the root-stock of Solomon’s Seal {Folygonatiim muUi- 
fioTum), which has been already referred to as an example of a sympodium. At 

c, dj and e are seen the scai’s of the aerial shoots 
of the three preceding years ; at h may be seen 
the base of the stem growing at the time the 
rhizome was taken from the ground, while at 
a is shown tlie bud of the next year’s aerial 
growth. 


of Tulip bulb, Tiilipa Gesneriana. 
zh, Modified stem ; zs, scale leaves; 

V, terminal bud ; h, rudiment of a 
young bulb; w, roots. (Nat. 
size. After Schenck.) 

The tubers of the Potato, of OolcMcum cmtumnale, and Crocus saiivus, are 
exam];)les of stem-tubers. The tubers of the Potato (Fig. 203) or of the Jerusalem 
Artichoke {HcUmitJius tuherosus) are subterranean shoots with swollen axes and 
reduced leaves. They are formed from the ends of branched underground shoots 
or runners (stolons), and thus develop at a little distance from the parent plant. 
The so-called eyes on the outside of a potato, from which the next year’s growth 
arises, are in reality axillary buds, but the scales which represent their subtending 
leaves can only be distinguished on very young tubers. The parent plant dies 
after the formation of the tubers, and the reserve food stored in the tubers 
nourishes the shoots which afterwards develop from the eyes. 

Ill the Meadow Saffron new tubers arise from axillary buds near the base of the 
modified shoot, but in the Crocus, from buds near the apex. In consequence of this, 
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iii the one ea«e the new tubers appear to grow out of the side, and in The ‘other 
to spring from the top of the old tubers. 

The Radish ivS also a tuberous stem, although only a portion of a single 
internode, tlie hypocotyl of the seedling, is invoh'ed in the swelling. 

(5) Bulbs also belong to the class of subterranean metamorphosed 
shoots. They represent a shortened shoot with a flattened discoid 
stem (Fig. 204 zh)^ the fleshy thickened scale leaves of which are 
fllled with reserve food material. The aerial shoot of a bulb develops 
from its axis, while new bulbs are formed from buds (/j) in the axils 
of the scale leaves. 

{c) Other herbaceous perennials of periodically moist climates 
{ejf, the Dahlia and many Orchids) form root-tubers (Figs, 205, 206). 
They resemble the stem- 
tubers, though their true ^ 

nature can be recognised ^ 1 ^ 

by the presence of a root- j ^ 

cap, the absence of leaves, 
and the internal structure. • . 

Tuberous main roots are 
found in the Carrot and 
the Beet, both of which are 

The morphology of the 
tubers of the Orcdiidaceae is 
pieculiar. They are, to a great 
extent, made up of a fleshy 

swollen root terminating abo^e Pio. 206.—- Root-tuber of Orc/iis somewhat (liiigraiinn.-itically 
in a shoot-bud. At thedr lower representerl. The old root-tuber ; the young root- 

, •. .1 j. 1 ,*4.1 . tuber tioi’Ul shoot; a, Kcuile leaf with axillary bud, 

extremity the tubeis aie e lei which the now tuber has arisen ; r, ordinary adven- 

simple or palmately segmented. titious roots ; n, the sear on the old tuber marking its 
In the adjoining figiiro (Fig. attachment f-o its parent shoot* (;| nat. size.) • 

206) both an old {i') and a young 

tuber (//'j are represented still united together. The older tuber has produced its 
flowering shoot (h), and has begun to shrivel ; a bud, formed at the base of the 
shoot, in the axil of a scale leaf (.s), has already developed an adventitious root 
which has given rise to the younger tuber. Roots of ordinary form arise from 
the base of the stem above the tuber. 

Many bulbs, tubers, and rhizomes occur at a SPECIFIO DEPTH, 
which may, however, vary with the nature of the soil Thus the 
rhizome of Paris is placed at a depth of 2-5 cm,, that of Anrm at 
6-12 cm., of Gokhkum at 10-lG cm., and of Asparagus ojjidnalis at 
20-40 cm. The seeds of these plants germinate close to the surface 
of the soil so that the subterranean shoots of the young plants must 
penetrate more and more deeply into the earth. This may ]>e eflected 
by the movements of growth of the stem (cf. p. 345) or by contractile 
roots. Thus in Lilhm (Fig. 207) all the roots are highly contractile; 
this is best seen in Fig. 207, 3, where the two lowest roots have con- 
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tracted strongly and so altered the position of the bulb that the higher 
roots appear curved near their attachment. When the bulb has 
reached the proper depth it is only drawn down each year to compen- 
sate for the onward growth of the growing point. In other cases all 
the roots are not contractile {Arum)yOT only one or a few contractile 
roots are developed Gladiolus, Oxalis elegans). While the above 




Fig, 207.-— J-4, Germination of Lilium inartagon (reduced). Tim horizontal line marks the surface 
of the soil ; the vertical line is graduated in centimetres. I, Seedling attached to seed ; 

iilant at end of the second year ; 3 ^ young plant still descending in the soil ; 4, full-grown 
plant at its normal depth. 5, ColcMcim autumnala (somewhat reduced). The original 
position of the tuber, which has been altered by the contraction of the roots, is shown by 
the dotted outline. 6, Contracted root of Lilium, (x 6. After RmBAori.) 

examples are of lateral roots a similar result may be brought about by 
the main root. Thus in some rosette plants the main root continues 
to contract as secondary growth proceeds, so that the growing point of 
the shoot is drawn down each year as much as it is raised by its own 
growth, and the rosette of leaves remains pressed against the surface 
of the soil (e.g. Gentiam lutea), 

3. Annual herbs do not retain their vegetative organs during 
the unfavourable season, which they pass safely in the form of dry 
seeds. 
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The more uniformiy favourable for vegetation the climate h 
throughout the year (as in the moist tropical regions) tlie more do 
evergreen woody plants preponderate, though evergreen perennial 
herbs often with subterranean shoots are also present. On the other 
hand, as the periodicity in the climate becomes more extreme, as in 
the steppes with a long dry period or in climates with severe wintei’s, 
the percentage of tropophytes with marked protective arrangements 
increases, while annual plants and geophytes preponderate among the 
herbs. 


(b) Adaptations for obtaining Light 

In the luxuriant vegetation produced under favourable climatic 
conditions plants of lai-ge or gigantic size are met with. As mentioned 


Fig. 20S.— Portion of stem ami leaf of the common Pen, 
Flsum satioim. s, Stem ; a, stipules ; /), leallets of the 
compound leaf ; r, lonilets modilled as tendrils ; «, floral 
shoot. (S nut. swe. Afier Sghe.nxk.) 


Fin. 20i). — XjxthurvsA'pham. 
Hy Stem; -ji, stipules; 
hy leaf tendril. Q nat. 
sixft. Aiter SoiinscK.) 


above, the primeval tropical forest is composed of such large trees, 
beneath the shade of which larger and smaller evergreen shrubs and 
evergreen herbaceous plants live. The direct sunlight is in largo 
part intercepted by the foliage of the upper strata of this vegetation. 

The cuticle of the leaves of tropical trees is often smooth and reflects a portion 
of the light, giving rise to the characteristic glitter on the foliage in these regions. 
This is possibly a protective arrangement against too great insolation. Other 
adaptations to the same end were considered on p. 169. 

The smaller shade plants of the primeval forests and also of our 
native woods have usually large leaves, and are adapted to the assimila- 
tion of carbon dioxide in light of low intensity. 

In the struggle for light two groups of cormophytes of character- 
istic construction have emerged, in addition to trees and shrubs. 
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These are the , climbing plants or lianes and the epiphytes. , They 
are specially characteristic of the tropics, though also represented in our 
native., flora. . ' ■ ■ 

1. Lianes or Climbing Plants These are able without great 
expenditure of material in the construction of columnar steins to raise 
their foliage above the shade of the forest and obtain stronger light. 
Their slender stems climb by the help of the shoots, trunks, and 
branches of other plants. It is the rope-like stems of lianes that 
render many parts of the tropical jungle 
almost impenetrable. 

Climbing is effected in a number of 
different ways. Some plants scramble by 
means of hooked lateral shoots, by hairs and 
prickles, by a combination of these or by 
means of thorns (e,g. Galimn aparine, Koses, 
Solaimm dulcamara) \ others climb by means 
of roots (root-climbers, c.g. Ivy, many 
Araceae), or by twining stems (twining 
PLANTS, e.g. Hop, Scarlet Eunner Bean); in 
others tendrils are develojied as special organs 
of attachment (tendril climbers). Tendrils 
are slender, cylindrical, branched or unbranched 
organs; they are irritable to contact (cf. p, 
353), and thus able to encircle supports, to 
which they attach the plant. They may be 
METAMORPHOSED SHOOTS (stem-tendrils) as in 
the Vine, the Wild Vine (Fig. 210), and the 
Passion - flower. In other cases they are 

TRANSFORMED LEAVES as ill the Gourd, the 
Cucumber, and Latlvgrm aphaca (Fig. 209); 
in the last example the functions of the leaf- 
blade, which has become the tendril, have 
been assumed by the expanded stipules. In 
the Pea (Fig. 208) and many other cases the 
uppermost leaflets of the pinnate leaf form a branched tendril. 

Ill some forms of the Wild Vine (PartJmiocissus quinquefolia) and in 
other species of this genus such as F. tricnspidata (Fig. 210) the branched 
tendrils bear attaching discs at their tips and can thus fasten the plant 
to flat surfaces. 



Fkj, 210 . — PartherioHssus trims- 
pidata, 11, Stem -tendrils. 
(I nat. size. After Noll.) 


The great width of the vessels and sieve-tubes is characteristic of almost all 
lianes. In tropical climbers anomalous secondary growth is frequently met with, 
resulting in a subdivided woody mass that renders the long rope-like stems capable 
of withstanding bending and twisting.. A very peculiar structure is exhibited by 
many lianes of the Bignoniaceae, the wood of which is cleft by radially-projecting 
masses of bast (Fig. 212). The primary stem of the Bignoniaceae shows the 
, ordinary circular arrangement of the vascular bundles. Wood and bast are at first 
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produced from tlie cauibium ring in the usual manner, and an inner, nomial wood 
cylinder of axial wood is formed. Siicli normally-formed axial wood cylinders 
are common to many otherwise abnormally developed Hanes. The cauibiiun ring 
of t])e Bignoniaceae, ‘after performing for a time its normal functions, begins, at 
certain points, to give off internally only a very small quantity of wood, and 
externally a correspondingly large amount of bast. As a I'esult of this, deep 
wedges of irregularly- widening bast project into the outer so-called muiiAXiAL 
WOOD (Fig. 212). The originally complete cambiimi becomes thereby broken into 
longitudinal bands, which arc broader in front of the projecting wood than at the 
apices of the bast wedges. As the periaxial wood is always developed from the 


Fig. 211.-— Transverse section of 
the atem ' of Serjania Lnmot- 
tmntu sk, Part of the rup- 
tured sclerenciiymatous ring 
of the perieycle ; I and hast 
zones ; wood ; m, medulla, 

(X 2. After STBASBUEG13E.) 

inside and the wedges of bast from the outside of their respective cambium bands, 
they extend past each other without forming any lateral connection. Several 
woody cylinders are found in a number of tropical lianes belonging to Scrjtmia 
and Pmillinm, which are genera of the Sapindaccae. This anomalous condition 
arises from the unusual position of the primary vasjcular bundles, which are not 
arranged in a circle but form a deeply -lobed ring ; so that, by the development 
of interfascicular cambium, the cambium of each lobe is united into a separate 
cambium ring. Each, of these rings, independently of the others, then gives 
rise to wood and bast (Fig. 211). 

2, Epiphytes — In another group of cormophytes the leaves 
obtain stronger light by the plants being able to establish themselves 
on the stems and branches of high trees instead of being rooted in the 
ground. Such plants are termed epiphytes. Since the trees only 
afford them support they may be replaced by inorganic substrata such 
as rocks. The supply of the requisite water and nutrient salts will 
evidently be a difficulty. Consequently special adaptations are found 
to meet this; in many epiphytes shoot-tubers serve for water storage 



,PiG. 212.— Transverse section of the stem of one of the 
Bignoniaceae. (Nat. .size. After Sche,nck.) 
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may be adaptations to catch water more (lirectly, 

111 oiir latitudes epiphytes are represented only by some Algae, Lichens, and 
Bx-yophyta growing on the bark of trees. In the tropics, however, owing to tiie 
humidity of tlie atmosphere and the frequent and heavy downpours of rain, many 
corraophytos live as epiphytes. These plants, which belong especially to the 
Pteridophyta and the families Orchidaceae, BromcliacGae, and Araceae, have no 

connection with the 
9 M-st water-supply in the soi 1 . 

Their difficulty in 
obtaining water explains 

^ attaching roots, much 

longerABSO.EB-EKT ROOTS . 
■ are ibiind in many 

Araceae, hanging down 

epiphytes, however, are 
dependent on the rain- 

l/MMff A frequently 

special arrange- 
meiits for collecting and 
\ retaining this. The 

niany-la3^ei’ed epidermis 

. , ^ , of the aerial roots of 

Fig, 213 .~J., I)i56*7wd'ia iicfr^gswtwx with foliage leaves (0 and pitcher A,im i f 

leaves (fc). B, Pitcher cut longitudinally ; d, opening ; si, stalk ; Urchids, and oi 

w, root. (J. ahont i, B about ^ nat, size. After Treub.) various Aroids, under- 

goes a X)ocuIiar modilica- 

tion and forms the so-called velamen, a parchment -like sheath surrounding 
the roots, and often attaining a considerable thickness. Tlie cells of this 
enveloping sheath are generally provided with spiral or reticulate thickenings, 
and lose their living contents^ They then become filled with either water or 
air, depending upon the amount - of moisture contained in the surrounding 
atmosphere. These root -envelopes absorb water like blotting - ]>apor ; when the 
velamen is filled with water the underlying tissues impart a greenish tint to the 
root; but if it contains only air the root appears white. In otlier epiphytic 
Orchidaceae and Araceae there are upwardly-directed roots forming a branched 
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Fig. 2U,~-hmvvs of iJruaci'a 'rottuidiJoUa, That on the left with its partly incurved tentacles is 
viewed from above, that on the right with expanded tentacles from the side, (x 4. After 
DAUWIN.) ■ : ■ ■ 

insectiv<d'ous plants are provided with chlorophyll, and can thus live 
autokopliicaliy. 

A great variety of contrivances for the capture of insects are made 
use of by carnivorous plants. The leaves of Drosera are covered with 


network in wliicli falling leaver, etc., are cauglit and transformed into humus that 
retains uioisiure. Among tlio Ferns also there are epiphytes which collect Ininius 
by means of tlieir leaves. In AspUnmm nichis the leayes form a rosette enelosing 
a fimnel-shaped cavity above the summit of the stem, and hnmiis accumulates in 
this. In species of Polypodiivm and Flatyccrium special pocket -leaves and niaiitle- 
leaves serve for the accumulation of humus and w'ater. The transformation of 
the leaves of the Asclepiadaeeous plant Discliulm rqfflesiaiia (Fig. 213) goes still 
further. Some of the leaves form deep pitchers wuth narrow mouths in wdiich 
the water of transpiration becomes condensed ; roots which branch freely grow into 
the pitchers, and obtain not only water but valuable nitrogenous substances. The 
I ateliers are, in fact, usually tenanted by colonies of ants, and their excreta and 
Tciuains form a source of food to the plant. 

The American Bromoliaceae afford an extreme type of epiphytic plants in which 
the roots may be completely wanting {e.g. Tillamlsia usneoidcs) or serve for 
attaclimcnt only. The absorption of water is entirely by means of peculiar, expanded, 
peltate hairs borne on the leaves. In many of these plants water collects in tlie 
cavities formed by the closely associated leaf-bases, and the plants are spoken of as 

CISTERN EPirnVTES. 

(e) Adaptations of Green Cormophytes to special Modes 
of Nutrition 


The so-called insectivorous or carnivorous plants must be 
These are plants provided with arrangements 
for the capture and retention of small animals, 
especially insects, and for the subsequent solu- 
tion, digestion, and absorption of the captured 
animals by^ means of enzymes. All these 


referred to here 
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stalk-like outgrowths (“ tentacles the glandular extremities of which 
discharge a viscid acid secretion (Figs. 214, 215). A small insect 
which comes in contact with any of the tentacles is caught in the 
sticky secretion, and in its ineffectual struggle to free itself only 
comes in contact wdth other glands and is CA^eii more securely held. 

t Excited by the contact stimulus, all the other 

tentacles curve over and close upon the captured 
insect, while the leaf-blade itself becomes concave 
and surrounds the small prisoner more closely. 

In Pinguicula it is the leaf margins which fold 


A, , 


V /If 








Fig, 215. — Digestive 
gland from Drosera 
rotimdifolia. (x <60. 
After Strasbueger.) 


Fig. 216. — Utricularia vulgaris. A, Part of leaf witli several 
bladders (x 2). 23, Single pinnule of leaf witli bladder (x G). 
C, Longitudinal section of a bladder (x 28); v, valve ; a, wall 
. of bladder. (A, B, after Schenck; 0, after Goebel.) 


over any small insects that may be held by the minute epidermal glands. 
In species of Utricularia (Fig. 216), which grow frequently in stagnant 
water, small green bladders (metamorphosed leaf-segments) are found 
on the dissected leaves. In each bladder there is a small quadrangular 
opening closed by an elastic valve, which only opens inwards. ^Small 
crustaceans can readily pass through this opening, but their egress is 
prevented by the trap-like action of the valve, so that in one bladder as 
many as ten or twelve crustaceans will often be found imprisoned at the 
same time. The absorption of the disorganised animal remains seems to 
be performed by forked hairs which spring from the walls of the bladder. 

More remarkable stiU, and even better adapted for its purpose, is 
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; ..y «™. «•«« 1"”"" 

of Venus’s fly-trap \V \ U I / / / 

I'/SciiS 

tiiro of insects ^ is 

cy the sudden closing Idw' ■''' ' ' 

of the two halves 
saf, which are friuged 

icf bristles. Fig- ^17 -*«s. 

feaf of Dioiiam. in the /■ • -y 

jd condition, ready for 
uire of ciii insect. The 

in water-plant AUvo- nio™-® 

has similarly-formed — 

giauds. (X 4. After Dakwis.) 
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Ataftfflrs. A portion of me 
lateral wall of tl.e intcher 

' ' lias born removed in Older to 

show tbe digestive tlmd («, 
eMretod by toe leaf - glands- 
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G&phalotus, S(Mracema, Dmimgtoma), the traps for the capture of 
animal food are formed by the leaves which grow in the shape of 
pitchers (Figs. 218, 219). The leaves of Nepmthes, for example, in 
the course of adaptation to the performance of their special function, 
have acquired the form of a pitcher with a lid which is closed in 
young leaves, but eventually opens. The pitcher, as Goebel has 
shown, arises as a modification of the leaf-blade. At the same time 
the leaf “base becomes expanded into a leaf-like body, while the petiole 
betw’'een the two parts sometimes fulfils the office of a tendril. These 
trap-like receptacles are partially filled with a watery fluid excreted 
from glands on their inner surfaces. Enticed by secretions of honey 
to the rim of the pitcher (in the case of Nepenthes)^ and then slipping 
on the extraordinarily smooth surface below' the margin, or guided by 
the downwardly-directed hairs, insects and other small animals fall 
into the fluid. 

B. Heterotrophic Cormophytes 

The green cormophytes utilise the light and by means of their 
chlorophyll construct organic substance from carbon dioxide and 
water ; they also require to transpire in order to accumulate the 
nutrient salts from the soil in sufficient amount. Besides these forms 
others, wffiich obtain some or all of their organic substance directly 
from the environment, are met with among cormophytes just as they 
occur among the thalloid plants. They do not depend upon light 
or transpiration, and frequently live at the expense of other living 
organisms as parasites. The peculiar form of these plants and the 
contrast they present to the green cormophytes are related to their 
special mode of nutrition. From the changes in their external appear- 
ance it is evident how far-reaching is the influence exercised by the 
chlorophyll. With the diminution or complete disappearance of 
chlorophyll, and- consequent adoption of a dependent mode of life, 
the development of large leaf- surfaces, so especially fitted for the 
work of assimilation and transpiration, is discontinued. The leaves 
shrink to insignificant scales, or are completely wanting. The stems 
also are greatly reduced and, like the leaves, have a yellow instead 
of a green colour. Since there is no active transpiration the roots 
in many forms are reduced. Consequently the xylem portion of the 
vascular bundle remains weak, and secondary wood is feebly developed. 
In contrast to these processes of reduction resulting from a cessation 
of assimilation, there is the newly-developed power in the case of 
parasites to penetrate other living organisms and to deprive them of 
their assimilated products. 

Many exotic parasitic plants, especially the Eafflesiaceae, have 
become so completely .transformed by their parasitic mode of life that 
they develop no apparent vegetative body at all, and do not show the 
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characteristic segmentation of cormophytic plants, Imt grow altogetlier 
within their host plant, whence they send out at intervals their cxtra- 
oj'dinary flowers. In the case of PilostyUs, a parasite -which lives on 
some shrubby Leguminosae, the whole vegetative body is brokeji up 
into filaments of ceils which penetrate the host plant like the mycelium 



Fkj. 220. —Branch of a leguminous plant from the Hurfnee of which the llowers of a parasitic 
plant (Pilostyles Ukl, Solms) are protruding. (From GoKium's Organ ofirapluj.) 

of a fungus. The flowers alone become visible and protrude from the 
stems and leaf-stalks of the host plant {Fig. 220). The largest knowui 
flower, which attains a diameter of 1 metre, is that of the Sumatran 
parasitic plant Eaffleski Arnoldi] it is seated immediately on the roots 
of its host plant, which is a species of Cissus. 

Ouscuia eiLTopea (Fig. 221), a jdant belonging to the family of the Convolvu- 
laeeae, may be cited as an example of a parasitic Phanerogam. Altliough, owing to 
the possession of chlorophyll, it seems to some extent to resemble normally assinii- 
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lating plants, the aiiiount of chlorophyll present is in reality so small that it is 
evident i'h.d.t Ousmia (Dodder) affords an example of a very complete parasite. 

The embryonic plantletj coiled up in the seeds, pushes up from the 

ground in the spring, but even then it makes no use of its cotyledons as a means 
of nourishment ; they always remain in an undeveloped condition (Fig. 221 at the 
right). Nor does any underground root-system develop from the young rootlet, 



Fio. 221.— CuscAita europam. On the right, germinating seedlings. .In the middle, a plant of 
Cmcvta parasitic on a Willow twig ; &, reduced leaves ; Bl, flower-clusters. On the If^ft, cross- 
section of the host plant W, showing haustoria H of the parasite Cus, penetrating the cortical 
and in intimate contact with the xylem v and the phloem c of the vascular 
bundles ; 5, displaced cap of sheathing sclerenehyma. (After Noll.) 

which soon dies off. The seedling becomes at once drawn out into a long 
thin filament, the free end of . which , moves in wide circles, and so inevitably 
discovers any plant, available as a host, that may be growing within its reach. 
In case its search for a host plant is, unsuccessful, the seedling is still able to creep 
a short distance farther at the expense of the nourishing matter drawn from the 
other extremity of the filament, . which then dies off {t) as the growing extremity 
lengthens. If the free end, in the course of its circling movements, comes 
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iiltinuitoly into contact with a suitable host plant, such as, for example, the 
stem of a Nettle or a young WilloAv shoot (Fig. 221 in the centre), it twines 
closely about it like a climbing plant. Papillose protuberances of the epidermis 
are developed on the side of the parasitic stem in contact with the host plant, 
and pierce the tissue of the host. If the conditions are hiAmurable, these pre- 
iiAUSTOJUA are soon followed by special organs of absox’ption, the HAUSTOitrA {If}. 
These arise from the internal tissues of the parasite, and possess, in a marked 
degree, the capability of penetrating to a considerable depth into the body 
of tlie host plant. They invade the tissues of the host, apixareixtly without 
difficulty, and fasten tliernsolves closely upon its vascular bundles, while single 
liyplia-like filaments produced from the main part of tlie haiistoria penetrate the soft 
parenchyma and absorb nourisbnient from the cells. 

A direct connection is formed between the xylem and 
pliloom portions of the bundles of the host plant and 
the conducting system of the parasite, for in the 
thin-Avalled tissue of the haustoria there now develop 
both wood and sieve- tube elements, which connect 
the corresponding elements of the host with those of 
the parasitic stem (Fig. 221 at the left). Like an 
actual lateral organ of the host plant, the parasite 
draAvs its transpiration Avater from the xylem, and 
its plastic nutrient matter from the phloem of its 
host. 

The seeds of Orohanche (Broom rape), another 
parasite, only germinate Avlien in contact with the 
roots of the host plant ; only its haustoria penetrate 
the roots, and its light yellow, reddish-broAvn, or 
amethyst -coloured lloAver- shoot appears above the 
surface of the ground, Orohanche (Fig, 764), like Gns- 
cuta, contains a small amount of chlorophyll. Both 
are dreaded pests ; they inflict serious damage upon 222 .— Rliizoiue of ContUor- 

cultivated plants, and are difficult to exterminate. TJmn.mn(tia. i loral shoot ; 

, . ^ mdiiueuts of new rhizome 

A similar appearance to Orohanche is presented by brjmches. (Nat. size. After 

some plants which groAV in the humus soil of woods, Schacht.) 

and are, therefore, not at first sight regarded as para- 
sites: certain Orchids {Ncottiti, Ooralliorrhiza, Eidjwgon) and Monotroixi. The 
absence of chlorophyll, the reduction of the leaves to scales, and (in Coralliorrhiza) 
the absence of roots also (cf. Fig. 222), are indications that these plants olitain 
organic material from A^dthout. They cannot themselves directly utilisfi the humus, 
but fungi, which obtain food from this, are harboured in their subterranean parts 
as a MYCORKHizA. A proportion of the fungal hyphae is later digested by the 
plant. These cormophytes are thus in a sense parasitic on the fungi of the humus. 

In contrast to these parasites, Avhicli have come to be almost entirely dependent 
on other plants for their nourisliment, there are others Avhich, to judge by 
external appearance, seem to have a high degree of independence, since they 
possess large green leaves and are ca])able of assimilation. They are, lioAvever, 
parasitic, since they can only develop normally, when their roots are connected 
by means of haiistorin. Avith tiie roots of other plants j they are spoken of as 
uARTiAL PAiiAsrrKs. Thrsium belonging to the Santalaceae, and the foIloAving 
genera of tlie Rhinanthaceae, Mldnanihus, Etqjhmsia, Pedieularis,- Bartna^ Melam- 
pyriim ami Tozzia, may be mentioned as examples ; in Tozzia the parasitism is 
especially Aveil marked in the earliest developmental stages. 
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The Mistletoe (Vismm cdhim), belonging to the Lorantliaecae as do many 
similarly parasitic exotic forms, possesses good-sized leaves, but reduced roots'; 
it is so well provided with chlorophyll as to be able to manufacture all the carbo- 
hydrates it requires. 

IL Organs of Reproduction 

A. Signifieanee of Reproduction to the Organism.— A natural 
or an accidental death is the end of eyery organism. For the mainten- 
ance of living beings reproduction is thus as essential as nutrition. 
The main feature of reproduction lies in portions of an individual 
continuing after its death, with the power of developing into new 
individuals. On account of the possibility of accidental death, repro- 
duction takes place before this occurs naturally, and usually involves 
the formation of special germs, which separate from the parent plant 
and, repeating the development of this, grow into new individuals. 

In most plants a division of labour is apparent between the vegeta- 
tive and reproductive organs. This becomes more striking in the 
more highly organised forms, in which an increasing number of parts 
co-operate in reproduction. 

B. General Properties of the Germs.-yThe construction of the 
germs, as in the case of the vegetative organs, is closely connected 
with the purposes they have to serve. 

The small size of most reproductive bodies, in comparison to 
the vegetative organs, is characteristic. The parent plant can thus 
produce numerous germs without excessive expenditure of material, 
while at the same time the distribution of the germs is facilitated. 

The object of reproduction is not merely the production of a new 
individual in place of the parent, but an increase in the number of 
individuals. Since the majority of the germs may not meet with 
favourable conditions for their germination and growth, and a large 
number will perish before they can in turn reproduce, the pro- 
duction of only a single germ would result in the speedy extinction 
of the species. An apparently prodigal production of germs is thus 
the rule. A cap-fungus or a fern may form millions of spores ; a 
poplar tree, according to Bessey, may ripen twenty-eight million 
seeds annually. 

Provision is further necessary for the separation of the germs 
from the parent and their dispersal widely from it. In the immediate 
neighbourhood there may not be the conditions for germination, or 
there may be no room for the development of the progeny. 

Lastly, it is necessary for the germs to be provided with reserve 
food materials from the parent organism, in order that their develop- 
ment, until they are able to nourish themselves, should be ensured. 

Frequently the reproductive bodies serve to carry the organism 
over cold or dry periods that ate unfavourable to active life. They 
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pass into a resting condition (p. 305), in which they are more 
resistant to injurious iiifiuenees (desiccation, frost, heat). Such germs 
are usually thiclv- walled, and only germinate on the return of 
favourahle coiiditions. 

C. Types of Reppoduetive Bodies.— The germs which can develop 
into plant bodies composed of many cells may themselves be 
unicellular (spores) or multicellular (gemmae and seeds). Both kinds 
may be produced irregularly on the plant, or be restricted to definite 
regions, which are specially constructed for reproduction, and exhibit 
great variety. These differences are of primary importance for the 
division of plants into classes, orders, families, etc. Two types of 
reproduction are readily distinguished in plants of nearly ail the 
classes of the vegetable kingdom. 

In the first type, cells or multicellular bodies are formed which can 
develop into a new independent individual on their separation 
from the parent, either at once or after a period of rest. This 
kind of reproduction is termed vegetative, asexual, or mono- 
genetic. 

In SEXUAL REPRODUCTION, the secorid of the two modes of 
reproduction, two kinds of reproductive ceils, each of which carries 
the characters of the organism producing it, are formed, but 
neither is directly capable of further development, and both perish 
in a very short time, unless opportunity is given for their fusion with 
each other. Not until the one cell has fused with the other ceil does 
the product acquire the capacity of development and growth. This 
mode of reproduction is termed sexual or digenetig reproduction. 

Most plants have both methods of reproduction. Sexual repro- 
duction is wanting only in the lowest groups (the Bacteria, Cyano- 
'phyceae, and some Algae and Fungi). Some plants have several 
methods of asexual reproduction. 

In certain exceptional cases a sexual cell may proceed to develop 
further without fertilisation. This is termed parthenogenesis 
This has been found in the vegetable kingdom in Cham criniia, one of the 
Algae, and in the development of the embryo from the unfertilised ovum 
in a number of families of higher plants (Oompositae, Ranunculaceae, 
Rosifiorae, Thymeleaceae, Urticaceae), and in the Marsiliaceae. 

Tlic process of fertilisation of sexual cells may, in particular cases, be replaced 
].)y the fusion of the nuclei of adjoining vegetative cells (^'^). This, is the case in the 
prothallium of certain cultivated forms of Ferns (e.g. of Dryo^Mris (Lasiraca) and 
Atkyrmm). The product of this fusion effects the reproduction, the sexual organs 
of tbe pro thallium being reduced, 

B. Alternation of Generations — In plants there is frequently 
an alternation of two generations differing in their modes of repro- 
duction ; these may be morphologically distinct and independent 
individuals. The life-history of such a plant is thus composed of 
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two kinds of individuals, which regularly alternate with one another, 
are frequently very different in form and structure, and bear different 
reproductive organs. The reproduction of the one generation (sporo- 
phyte) is asexual; that of the other (gametophyte) is sexual. The 
Fern may be taken as a typical example. The leafy fern plant is 
the sporophyte, and produces only asexual spores. The spore on 
being shed does not grow into a new fern plant, but into a small 
thalloid structure , known as the prothallium (Fig. 97), which is 
the gametophyte, and reproduces sexually. The fertilised egg- cell 
develops into a leafy fern plant. The reproductive cells of the one 
genei’ation give rise to the other generation, and there is thus a 
regular alternation of the sporophyte and gametophyte. The two 
generations may, however, as in the case of the Brown Alga, Dictijota, 
resemble one another. 

Frequently the two generations are not rej)resented by inde- 
pendent individuals, but the one remains permanently connected to 

the other like a parasite on its host plant. 
Careful investigation may then be required 
to establish the existence of an alternation 
of generations. This is the case for the 
Bryophyta and the Seed-plants. 



Both generations may be able to reproduce 
their like by vegetative reproduction. Multicellular 
gemmae formed on the protlialli of some ferns grow 
into new protlialli ; on the fern plant bulbils, 
which grow into new leafy plants, may be 
produced. 

1 . Multiplication by Multieelluian 
Vegetative Bodies (Budding) 

This occurs in many Bryophyta, e,g. in 
Marchantm, where the gemmae are formed 
in special receptacles on the thallus (Figs. 
444, .445). It is also widely spread in 
the form of budding in Pteridophyta and 
Phanerogams. 

Specially- formed lateral shoots serving to repro- 
duce the plant are seen in the runners or stolons 
produced above or below ground by many plants. The i-itjnners of the Strawberry 
are slender cylindrical branches from the axils of the leaves of the rosette ; they 
root from the terminal bud, which becomes independent by the subsequent decay 
of the runner. Many bulbs and tubees serve for reproduction in the higher plants, 
as do also bulbils (Fig. 223) and the winter buds which become detached as the 
HiBERNAOULA of a number of aquatic plants (e.g. Ilydrocharis, JSf.ratioies). 

Buds may also arise in places where no growing points are normally present ; 
they are. then adventitious. Such buds are most commonly found on leaves, 


Pig, 223. — Shoot of Dentaria hulbU 
/era, bearing bulbils, hr, (Xat. 
size. After Schekck.). 
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somotimes on the leaf-blade, e.g. in the notches of the leaf margin in Jj/yojy'hifU um, 
and on the leaves of Oiu'tlamme pratcnsis. ' The leaves of Begonia, Dwscm, etc., 
only produce buds after they have been separated from the plant. 

Many herbaceous perennials, -without forming special organs of vegetative repro- 
duction, increase in number of individuals • by the decay of the older portions 
of their branched rhizomes isolating the branches. Among Sea-weeds also the 
rnechaaiioal action of tlie surf may separate portions of the thallus which can grow 
into new tlialli. Otmlerpa is propagated in this fashion. 

2. The Formation of Reproductive Ceils 

(a) Asexual Reproductive Ceils (Spores). — Many unicellular 
Tliallophyta (Flagellata, Bacteria, Cyanophyceae, Diatoineac) are 
mulbipdied vegetatively by dividing into two, the daughter cells 
separating from one another. In others, such as the Protococcaceae, 
the protoplast within its wall divides into several or many daughter 
pu'otoplasts ; these separate from one another and emerge from the 
parent cell through a pore or split in the cell wall. The unicellular 
organism in these cases has at the period of reproduction become 
converted into a receptacle containing the germ cells, or a sporan- 
gium ; the germ cells which give rise to daughter organisms may he 
termed endospores or sporangial spokes. 

Among the multicellular Thallophytes simply-organised forms are 
met with that might be regarded as cell colonies, in which the body 
sometimes dissociates into the individual cells ; these then serve for 
vegetative multiplication. In other forms the protoplasts of ail the 
cells, usually after preliminary division into daughter protoplasts, 
emerge at the period of reproduction from the cells which have thus 
become sporangia. 

The more highly organised multicellular Tliallophyta exhibit a 
division of labour, only some portions or cells, wliich often have a 
definite structure and position on the thallus, producing asexual 
reproductive cells. Such* spore-producing parts are often united in 
numbers to form fructifications of more complex structure. 

TJuis in many Fungi tlie liyphae concenifM in reproduction become associated 
within the soil into more or less inas.sive and variou.sly- shaped FiiucTiFicA'noNs 
which later emerge to the surface. 

The iiKxle of origiri of the spores is similar in the higher and 
lower forms. In many Fungi germ cells are isolated by budding and 
constriction from certain hyphue as exosporks or CONiDiosPORES 
(Fig. 224). In otlier Fungi and in the majority of the Algae the 
asexual cells originate as endospores or sporangul BPOiIes from 
the protoplasts of certain cells (sporangia), and emerge through 
opening.s in the wall of this (Figs. 225, 231 q)). 

The ascjxtial spores of the Thaliophyta are in part a<lapted to 
distribution ])y means of water, as in the case of many sporangial 
spores of Algae and Fungi. These spores are naked, without a ceil 
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wall, and as a rule able to move through the water by the aid of 
cilia (Figs. 225, 229 A). They are termed SWARM spores or zoo- 
spores, and the receptacles in which they are formed are spoken of 
as ZOOSPORANGIA (Green and Brown Algae, some Phycomycetes). 

The spores in other Thallophyta are adapted to dispersal by 
wind. Examples are afforded by many sporangial spores and all 
conidiospores of the Fungi. They are very small and light, sur- 
rounded by thick walls and. resistant to drying. Such spores are 
usually produced by organs which are exposed to the air ; in Fungi 
living in or on solid substrata 
they may be borne on aerial 
hyphae (Fig. 224). They are 
thus borne on conidiophores or 
SPORANOIOPHORES Or on FRUOTI- 


FUi.2)iB.—-Sa2)role(jnia mixta. Siioruiigium from 
Fig. 224 .— Gonidiophore of AsitergiUus which .the biciliate zoospore? are escap- 

. herharionm. (x 540. After Kny.) ' ing. (After G. Klebs.) 

In the Bpyophyta, Pteridophyta, and Spermatophyta the asexual 
cells are always developed as endospores in special sporangia of more 
complicated structure than in the Thallophyta. These sporangia are 
multicellular structures, one or more outer layers of cells forming the 
wall, and the enclosed cells constituting the sporogenous tissue 
(Fig. 22^ sg). When ripe, the sporangia have usually special arrange- 
ments in the^ wall for opening and shedding the small and light 
spores, which may be dispersed by wind or (in tlie case of many 
Spermatophytes) by animals. The spores are always surrounded by 
cell walls. 

The spore capsules or SPOROGONIA of the Bryophyta attain the 
most complicated structure. They are as a rule stalked and are 
situated on the thallus or at the ends of leafy branches. The spore- 
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goniinn is not, as appears at first siglit,‘a member of tbe moss-plant, 
but lives on this like a parasite. It is, in fact, tiie spore-bearing 
generation (sporophyte) which remains permanently attached to the 
moss-plant (garaetophyte). 

In the Ptericlophyta, on the other hand, the leafy plant is the 
sporophyte and bears small and inconspicuous sporangia, usually on 
leaves which are termed sporofhylls. These may resemble the 
foliage leaves, but there is often a division of labour between the 
sporophylls and the foliage leaves. The former are devoted mainly 
or entirely to the production of sporangia and, therefore, differ from 
the foliage leaves in the lack of expanded green surfaces. The 
sporophylls are often associated in numbers at the ends of branches of 


Pio. 226. — Diagram of the 
sporangium of a ,Ptendo- 
phyte, the sporogenous 
tissue (sg) being enclosed 
by a sterile wail. 


,Fia. 227.— Flower of Poem la peregrinu. k, Calyx; 
c, corolla ; a, stamens ; carpels. The nearer 
sepals, petals, and stamens are removed to show the 
pistil formed of two free carpels, (.} nat. size. 
After SCHEXCK.) 


limited growth, as in Etinketim and Lycopodkmi (ci Figs. 486, 491), 
These differ in appearance from the vegetative shoots and die off 
after they have served for reproduction. They are known as cones 
or FLOWERS. The simplest flo\ver is thus a portion of a 

SHOOT WHICH BEARS SPOKOPHYLLS, The cones of Pteridophyta may 
have a number of sterile scale leaves at the base. 

In the Spermatophyta the sporangia are also formed in special 
regions of the shoot or flowers, all the members of which are 
concerned withj reproduction and not with the nutrition of flie plant. 
These ffowers, which are homologous with those of the Pteridophyta, 
are metamorphosed regions of the foliage shoots. They are the ends 
of long or short shoots, the leaf primordia of which do not become 
foliage leaves but develop as the crowded floral leaves. These have 
the divense forms of sepals, petals, stamens, and carpels. 

The BTAi^iENS produce the pollen or POLLEN GRAINS in the POLLEN 
sacs, which are special sporangia with a many-layered wall. The 
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pollen grains are spores (Fig. 32) which to begin with are single cells 
but later become multicellular (Gy mnosperms), or at least contain 
more than one nucleus (Angiosperms). The gaepels, which are free 
in the Gymriosperms but form closed ovaeies in the Angiosperms, 
bear the ovules. These are shortly-stalked oval bodies of complicated 
structure. In each ovule a single spore is permanently enclosed, pro- 
tected by the sterile integuments. 

The cone-like flowers of the Gymriosperms (•^'), composed of 
numerous, spirally-arranged, scale-like stamens or carpels, closely 
resemble the cones of the Pteridophyta. The flowers of the 
Angiosperms (^‘^) have usually a quite distinct 
appearance (Fig. 227) owdng to (1) the 
limited number of the usually whorled floral 
leaves, (2) the frequent cliiferentiation of 
the outer floral leaves into firm green sepals 
and coloured delicate petals, (3) the char- 
acteristic form of the stamens, and (4) the 
union of the carpels to form the pistil. All 
these parts of the flower are arranged 
regularly. In the typical angiospermic 
flower, five whorls, each of five floral leaves, 
regularly alternate (Fig. 228); the outer- 
most whorl is form ed of the sepals which 
strasburgee.) enclose and protect the other parts when 

young, the second is formed of the petals, 
the third and fourth of the stamens, and the fifth and highest by 
the carpels (^^). These foliar structures arose from the shortened, 
and often flattened or hollowed, floral axis ; they are often united with 
one another and with the axis in such a way as to require thorough 
comparative and developmental study to ascertain the facts clearly, 

(b) Sexual Reproductive Cells. Gametes. 1. Different Forms 
of Sexual Cells and Sexual Organs, — A great variety in the methods 
of sexual reproduction is shown by plants; diflerent as the extremes 
are, however, they are connected by intermediate links. 

Thallophyta. — :In many of the lower Algae and Fungi all the 
cells of the plant may simultaneously form sexual cells. With 2 >ro- 
gressive organisation a division of labour is met with. As in the case 
of the formation of asexual reproductive cells, certain cells or organs 
with definite positions carry on the sexual reproduction. The parts 
of the plant body which bear the sexual organs may be specialised in 
relation to this. 

In the simplest types of sexual reproduction met with in the 
lower Algae and Fungi, the se 3 £ual cells or gametes are usually 
naked protoplasts of similar si 2 ;e and structure ; these resemble the 
asexual swarm spores but conjugate with one another (ISOGAMY, Fig. 
229 B). They develop, singly or in numbers, from the protoplasts 



Eig. 228 . -“Diagram of a Liliaceoi 
flower. The main axis is ind 
cated by a black dot, opposil 
to which is the bract. (Aft< 
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of certain cells termed CtAMETANGIA, the process resembling the origin 
of the swarm spores. The product resulting from the conjugation of 
the gametes is called a zygote or zygospore (Fig. 229 B 4), The 
facts are in favour of regarding the gametes as homologous with the 
swarm spores, from -which they often differ 
only in their smaller size, and the game- 
tangia as homologous with sporangia. By 
this is meant that the gametes and game- 
tangiahave been derived phylogeneticaily 
by the modification of swarm spores and 
sporangia. Such gametes are capable of 
active movement hy means of cilia ; they 
seek one another in the water and unite 
in pairs (Fig. 229 B). 

The gametes, however, frequently 
differ in size in the Algae and Fungi ; the 
larger gametes, which contain abundant 
reserve materials, are female (?) and the smaller are male ( cj ). The 
female gamete may be non- mo tile when it is known as an egg-cell. In 
this case the small spermatozoid seeks out and fertilises the large EGG- 
CELL (oogamy). In the case of oogamy the gametangia are usually 



Fuf. 2H0.—Mi)ii>>bh’]>hans Eml of lilainont wifeli teriiiiiial oogonium (o) and an antheriduiin 

(a). 1. Before the formation of the egg-cells and spermatozoids. 2. Spcrmatozoids (s) escaping 
and approaching the c>pening of tins oogonium. H. oap, ripe oospore, and an empty antheridium, 
( X son. After Cornf, from von Tavel, Pilze.) 

different. The cells in wdiich the small naked spermatozoids arise 
in large numbers are termed antheridia (Figs. 230, 2 a; 231 a), 
while those within which one or more egg-cells are formed are the 
oogonia (Figs. 230, 2; 231 o,, (?„). The egg-cell (oosphere), which is 
usually naked, frequently remains in the oogonium, in the wall of 
which an opening forms (Figs. 230, 2 ; 231 o,,, d). Fertilisation of 



Fig. 220.— Vlothrix zunata. A, Asexual 
swarm spore ; Bl, a gamete ; B'2, 
Pd, conjugating gametes ;P4, zygote 
resulting from conjugation, (x 500. 
After Strasburger.) 
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the receptive oosphere results from spermatozoids, wbicli have ])eeii 
liberated into the surrounding water in an actively motile condition, 
being cheraotactically attracted by substances excreted from . the 
egg-cells. 

Numerous transitions between the two conditions show clearly 
that oogamy has been derived phylogenetically from isogamy. From 
this it follows that the antheridia and oogonia are homologous with 
one another, and also with the sporangia (cf. also Fig. 231). 

It is not until after the entry of a spermatozoid that the egg-cell 
becomes capiable, cither at once or after a resting period, of developing 

further. As a rule, after becom- 
i*ng surrounded ■ by, ' a thick wall ■ 
& : it separates ■ from. , the parent.;' 
plant . ' as a;.,.;, unicellular .oospore v: 
(Fig. 230, 3 osj?), and only com- 
mences .its, . independent develop- 
ment later with the bursting of 
its,.walL . In;^other teases, while' 

. still attached to the parent plant, 

Fig. 23 n~Difigrams rounded on Algae. bpor- . , , . n ti 

anginm with spores; d,antlieridium with sperma- develops into a millticellular 

tozoids; O/, oogonium with several and o„ with and more or less segmented 
a single egg-eell ; o, the pore in,the cell wall. ]oody which produces Unicellular 

asexual spores ; these spores are 

then set free from the parent plant as the true reproductive bodies. 

|Bryophyta, Pteridophyta. — Oogamy is the rule in these groups. 
The male and female sexual organs are of more complicated structure 
than in the Thailophyta. They are not single cells but have walls 
composed of a layer of sterile cells. In the case of the multicellular 
antheridia (Fig. 232, 1) this encloses a larger or* smaller number of 
cells with abundant protoplasm (the spermatooenous tissue), from 
each of which a spermatozoid will be formed. In the flask-shaped 
female sexual organ, which is known as an archegonium, there is 
only one egg-cell surrounded by the wall formed of a layer of cells 
(Fig, 232, 2). The archegonia and antheridia are homologous 
structures. They have special arrangements for opening at maturity. 
In the Bryophyta they are borne on the thalloid or leafy gametophyte. 
In the Pteridophyta the sexual organs are not borne on the leafy 
plant (which has been seen to he reproduced by spores) but on the 
prothallium, which is the sexual generation or gametophyte living 
independently of the sporophyte. 

In the Bryophyta and Pteridophyta the oosphere after fertilisation, 
which takes place in the same way as in the Thailophyta, develops 
forthwith into the EMBRYO which becomes the sporophyte (the 
stalked capsule in Bryophyta, and the leafy plant in the Pteridophyta). 

Spepmatophyta. — In this group also the sexual reproduction is 
exclusively oogamous, but the sexual organs have come to differ 
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widely from the simpler types. The gametes are formed in greatly 
reduced or unrecognisable archegonia and antheridia ; these are pro- 
duced in extremely reduced prothallia, often consisting of only a 
few cells, that are enclosed in the pollen grains and ovules of 
flowers. The pollen grains contain the male sexual cells, 
while one or more egg-cells are contained in the ovule. 

The peculiar method of fertilisation in spermato- 
phj^tes is connected with the fact that the egg-cell 
remains enclosed within the ovule in the flower. The 
pollen grains after being shed from the pollen sac require 
to be carried to the ovules in the case of Gymnosperms, 
or to a special receptive portion of the ovary called 
the STIGMA in the Angiosperms. 

This is the process of pollination. 

Most of the manifold modifications 
of the flowers of Angiosperms are 
adaptations to the method of pollina- 
tion (°^), which always involves special 
means of transport of the pollen. 

When, as is often the case, male 
and female organs are present in 
the same flower, i.e, in hermaphrodite 
flowers, it might be assumed that no 
special arrangements would be neces- 
sary to bring the pollen to the stigma. 

More accurate investigation has, how- 
ever, shown that such adaptations 
exist in abundance and are often 
the most detailed nature. They do 
not simply aim at the conveyance 
.. of the pollen to the stigma of the 
same flower ; often they render such 
SELF-POLLINATION (aiftogamy) 

. impossible and effect oross-pollinATION (allogamy), i.e, the con- 
veyance of pollen to the stigma of another flower on the same plant 
(geitonogamy) or on another individual (xenogamy). The transport 
of the pollen may be by wind, water, . or the agency of animals 
attracted to the flowers by their colour, scent, or nectar ; thus most 
flowers can be classed as anemophiloxjs, hydrophilous, or zoidio- 
PHILOUS (cf. the Special Part). Most spermatophytes have thus 
become independent of the presence of water for the purpose of 
fertilisation and are in a special sense land , plants. 

Ill addition to plants -whicli show allogamy there are others which have arrango- 
inents leading to autogamy, either when cross-pollination does not succeed, or 
primarily as in cleistogamons Rowers (cf. the Special Part), 


Fin. 232,-1. Antlieridium, witii wall of sterile 
ceils enclosing the spennatogeiions tissue, 

, 2. Archegonium, with corresponding wall 
and an egg'-coH. Both based on a Li verwort. 
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in Angiosperms makes its way by means of the style to the 
cavity of the ovary and through the outer layers of sterile cells of 
an ovule to the egg-cell. AAhen an open connection has been estab- 
lished between the pollen tube and the egg-cell, the latter is fertilised 
by a nucleus from the pollen tube. The fertilised egg develops 
within the enlarging ovule to a multicellular embryo, which becomes 
segmented into the cotyledons, kadicle, and plumule. The ovule 
becomes the seed, the outermost tissues giving rise to the seed-coat. 
The seed, w high is shed when kipe and serves to multiply the 

PLANT, IS THUS A FURTHER DEVELOPED OVULE ENCLOSING- AN EMBRYO. 
The ovary also develops further after fertilisation and gives rise to 
the FRUIT. When this remains attached to the plant it opens when 
mature by splits, pores, or the separation of a lid, in order to liberate 
the seeds (capsule). Often the whole fruit enclosing the seed is 
separated from the plant, as in the case of berries, nuts, and stone- 
fruits. 

The seeds or the detached fruits are adapted for dispersal 
like other reproductive bodies. This is effected by the same means 
as the transport of pollen, by currents of air or water, by means of 
animals, and sometimes by special constructions or movements of the 
plant. The construction of seeds and fruits shows adaptation to the 
mode of dispersal (cf. the Special Part). 

On the seeds being thus sown, germination (^^^) commences after 
a longer or shorter time. As a rule the root of the embryo emerges 
first, rupturing the seed-coat. Since this is often very hard, special 
regions for the exit of the root may be present in it {e.g. in the Coco- 
nut). In the further development of the shoot of the seedling, mani- 
fold differences become apparent in different kinds of plants ; these 
will he described in the Special Part. The seedling at first grows 
at the expense of food materials provided by the parent plant and 
stored in the seed. 

A peculiar type of asexual reproduction (apogamy) occurs in some flowering 
plants and replaces tlie, sexual reproduction. Witliin the ovule and replacing the 
suppressed egg cell, asexual embryos are developed from other cells seeds 

thus include no product of sexuality but have become organs of vegetative repro- 
duction, This formation of adventitious embryos is commonly associated witli 
POLYEMBEYo>5Y, i.e, the formation of a number of embryo plants in a single seed 
(FunJeia ovataj Citrus aurantiwn, Caelehogyne iUcifoUa, etc.). 

2. The Process of Cell-Fusion in Fertilisation and its Results. — 
The actual process of fertilisation in its simplest form can be best 
observed in those lower organisms with similar gametes (Fig. 229). 
In these it can be easily shown that not only the cytoplasm of the 
two cells but sooner or later the nuclei also fuse. When the male 
cell possesses chromatophores, which in many Algae (Florideae, Chara, 
etc.) is not the case, they do not fuse with those of the female cell. 
They either coexist in the fertilised cell or, when a constant number 
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of cliromatopliores is maintained, disappear. In Angiospcrms, so far 
as oui' present knowledge goes, only a male nucleus, without cytoplasm 
or cliromatopliores, enters the oosphere. From this it has been 
concluded that the essential element in fertilisation is the 

PASSAGE OF THE MALE NUCLEUS INTO THE EGG»CELL. 

In the typical process of nuclear division it has been seen that 
the nuclei of an individual possess a constant number of chromosomes 
characteristic’ of the species. The male gamete thus contributes as 
many chromosomes as the female gamete. These chromosomes do 
not fuse in the conjugation of the sexual nuclei, so that the nucleus 
of the zygote has double the number of chromosomes possessed by 
the sexual cells It is diploid and contrasts with the haploid 

nuclei of the gametes. 

The nuclei resulting from the further division of the nucleus of 
the zygote are as a rule diploid ; in each there are as many chromo- 
somes derived from the male as from the female nucleus. When 
the chromosomes of the haploid cells are characterised by differences 
in size which are apparent at each nuclear division, the diploid 
nuclei show pairs of chromosomes of each size. These chromosomes 
of ecpial length, the one derived from the male and the other from 
the female parent, as a rule lie in pairs in the nuclear plate (Fig. 14). 

Since the nuclei of the sexual cells of all the individuals of a 
race are always haploid, while the conjugation nucleus and as a rule 
the products of its division are diploid, there must be a change from 
the diploid to the haploid condition at some point in the developmental 
history of the individual Were this not so, the number of chromo- 
somes would double with each generation. The change is effected 
at the REDUCTION DIVISION which is a peculiar nuclear division 
in which there is a separation to form the daughter nuclei of entire 
chromosomes, and not half-chromosomes resulting from longitudinal 
splitting. This occurs at a definite point in the development, which, 
however, differs in different organisms. Thus a regular alternation 
of the haploid and diploid phases of the nucleus is characteristic of 
the ontogenetic development of sexual organisms. 

Frequently, but not always, the alternation of nuclear phase 
is connected with the alternation of generations, as in many Algae, 
Fungi, the Bryophyta, Pteridophyta, and Sperm atophyta. The 
sporophyte arising from the fertilised egg is diploid, and the reduc- 
tion division precedes spore formation. As a result the spores, the 
gametoph^'tes developed from them, and the sexual cells are haploid. 

In inany Algae, lioweyer, the first division of the nnclens of the zygote is the 
reduction division, so that all the cells of the organism, including the sexual cells, 
with the exception of the fertilised egg, are haploid. In others, sucli as Fucus, 
the reduction takes place at the formation of the sexual cells, so that tlm opposite 
case is presented of all the cells with the excei>tion of the gametes being diploid. 

There are certain remarkable cases in which the one generation develops from 
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the vegetative cells of the other without change in the number of chromosomes. 
In AfJiyrimi filix foemina clarissima, Jones, the fern plant arises without nuclear 
fusion from vegetative protliallial cells with diploid nuclei - without any production 
of spores, or the occurrence of a reduction division, the diploid cells of the leaf 
margin produce diploid prothallia (apospory). According to Yamarotjchi (in 
Nqohrodiuni molU) a haploid prothallial cell may, without nuclear fusion, give rise 
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Fig. 233.— Pollen-motlxer-eeU of a Lily ia division, somewhat diagrammatic. li'ixed with chrom- 
acetic acid and stained with iron haematoxylin. The chromatophores are not visible. 3 . The 
separation of the chromosomes. Further description in text. (After Strasbukger.) 

to a haploid fern-plant. Further, yt is possible to obtain experimentally, on the 
regeneration of cut portions of the stalks of moss capsules, a diploid moss plant, 
i.e, a diploid gametophyte ; this produces diploid sexual cells that are capable of 
fertilisation. Tetraploid moss capsules, are the result, and from these again by 
regeneration tetraploid moss plants have been obtained. It is evident, therefore, 
that there is not a direct connection between the chromosome number and the 
construction of the two generations (®®). 

^ In some plants the reduction division is omitted so that diploid egg-cells are 
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formed Such eggs, which already have the double number of chromosomes 
usually only attained on fertilisation, proceed to develop without fertilisation. 
This is the case for the unfertilised egg-cells of the Sperm ato^diyta, Marsiliaceae, 
and Ghara, mentioned on p, 193, while in other Algae the haploid egg-cell 
develops parthenogenetically into a new plant When diploid sexual cells proceed 
to develop without fertilisation, it is usual to speak of apogamy (cf. p. 202) and not 
of parthenogenesis. 

The reduction division in contrast to the typical division is termed hetero- 
TTPio, and is also spoken of as meiosis. It is characteristic of this, that 
in the prophase the nuclear contents become for a period contracted together at 
one side, at least in fixed preparations (synapsis, Fig. 233, 2, 8). It is 
further characteristic of the succeeding stages that the paternal and maternal 
chromosomes become associated or united in pairs or Gemini. The number of 
these GEMINI is half as great as the number of chromosomes in [the tissue cells 
of the same plant, since two chromosomes ai'e represented by each segment. The 
paired chromosomes become shorter and thicker and are distributed around 
the periphery of the nucleus j this is the condition that has been termed 
DIAKINESIS (5, 6), At this stage kiiioplasmic filaments are becoming applied to 
the nuclear membrane (6) ; the latter disappears, and the nuclear spindle, which 
is at first multipolar (7) hut ultimately becomes^ bipolar (8), originates from the 
kinoplasmic fibres. The paired chromosomes become attached to the fibres of the 
spindle and arranged in an ecxuatorial nuclear plate (8). Shortly afterwards the 
separation of the chromosomes, until now united in pairs, takes place (9). In 

THIS PROCESS, IN WHICH THE ESSENTIAL OF THE .REDUCTION DIVISION IS EFFECTED, 
IT IS NOT LONGITUDINAL HALVES OF CHROMOSOMES BUT ENTIRE CHROMOSOMES 
WHICH SEPARATE FROM ONE ANOTHER. The result of this is that each daughter 
nucleus receives only half as many chromosomes as were found in the tissue cells 
of the same plant, and that these chromosomes may be male or female. Since 
ebromosomes of corresponding lengths are always associated in the gemirii, one 
being derived from the male and the other from the female parent, and these 
chromosomes separate from one another in the reduction division, each haploid 
daughter nucleus must inherit some chromosomes from the father, and others 
from the mother. Which chromosomes come from the one or other parent appears 
to be determined by chance. The formation of the daughter nuclei is completed 
(10) as in an ordinary division, hut following promptly on the first reduction 
division, which is also known as the hbterotype division, comes a second or 
HOMOTYPE division, which in all essentials follows the typical course (11, 12). 
Thus two rapidly-succeeding nuclear divisions are characteristic of most cases of 
reduction. In the homo ty pic division longitudinal halves of chromosomes separate 
as in the typical division. A dilference from the latter is that the chromosomes 
are not split longitudinally in the prophase of the liomotypic division itself, but, 
as it seems, were already split in the prophase of the preceding reduction division 
without the halves thus formed separating. ' 

. The fundamental difference between the typical and somatic nuclear division 
and tlic reduction division may be made clearer by means of a diagram. Fig. 234 
A represents a somatic division with longitudinal splitting of the chromosomes. 
In A a six longitudinally soffit chromosomes, distinguished by the different 
shading, are shown arranged to fotm the nuclear plate. The two middle ones are 
seen from the end, the others from the side. In Ah the separated halves of these 
chromosomes are shown on their way to the poles of the spindle in order to form 
the daughter nuclei. In Fig. 234 B the reduction division is diagrammatically 
represented. The six ' chromosomes of Fig. 91 A shown in B a similarly 
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shaded and united in three geinini. The two lateral geminl are seen ironi the 
side, the middle one from the end. The latter one shows the longitudinal split in 
the component chromosomes and the orientation of the x^ane of fission. In B h 
tlie chromosomes of each geminus have sexiarated and are moving towards the poles 
of the spindle to form the two daughter nuclei. The two halves of each chroino- 



Fig. 234.— .DiagTamiiiatic representation of ordinary nuclear division (A) and of the reduction 
division (B). (After Stuasburgeu.) 


some thus go to the same daughter nucleus. This division results in a reduction 
of the chromosome number from six to three. In contrast to this reduction 
division, which, because whole chromosomes separate, results in a definite differ- 
ence of the x^roducts of division, may be placed the somatic nuclear division. 
This, since the longitudinal halving of the chromosomes gives rise to comx)letely 
equivalent xn’oducts of division, may be termed equation division. 

Ox^inions are divided as to how and when the chromosomes in the reduction 
division become associated in pairs, or temporarily united in a single structure. 
It is possible that the scheme of the reduction division is not always the same. 
Usually the chromosomes appear placed side by side in the pair (parasyndesis), 
but in some cases they appear to be placed end to end (metasyndesis). 


SECTION IV 

THE THEORY OF DESCENT AND THE ORIGIN OF NEW SPECIES 

A. The Theory of Descent — How the organic forms living 

on the earth with their morphological peculiarities have arisen is one 
of the most important theoretical questions in morphology. The 
assumption once made that the kinds of plants were independently 
created (theory of special creation) has become gradually abandoned 
in favour of a theory of evolution, especially owing to the deepen- 
ing of morphological knowledge and the influence of Charles 
Darwin. This has already been referred to in the Introduction. 
The theory of evolution regards the existing organisms as developed 
from other and frequently more simply-constructed forms which lived 
in earlier |)eriods of the earth^s history (cf. p. 1 fF.). This fundamental 
biological theory now permeates morphological investigation so 
completely that it is indispensable for the morphologist to be 
acquainted with the evidence for it. Evidence is afforded by classifica- 
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tion, morphologyj the geographical distribution of plants and animalsj 
and by palaeontology. 

1. Evidence from Classification. — According to the theory 
of special creation the various species of plants were created inde- 
pendently and are essentially constant. They were supposed to be 
so little subject to change that one species could not arise from 
another ; at most a species could give rise to niore or less inheritable 
varieties. This view thus assumes that there are sharp limits between 
the species, and also that there is an essential difference between 
species and varieties. As the student of classification proceeds to 
examine any group of organic forms he finds that there are no 
characters to be relied on to distinguish varieties from- species. The 
amount of morphological difference between the species of a genus, 
the varieties of a species, or between species and varieties, is cpiite 
undetermined. It has also come to be recognised that species are 
not independent morphological units but in many cases are compre- 
hensive groups of forms or es 2 )kes {e,g, in the genera 

Erophila, Ruhiis^^ Bosa^ Eieradum, Qumits). The sharp differentiation 
of such species from other species, ie. other groups of forms, is 
frequently difficult or scarcely possible. The constant small species 
often differ less than do many so-called varieties. It thus becomes 
a matter of taste or “systematic sense whether a particular form 
should be regarded as a species or a variety and how a species should 
be delimited. The rule formerly relied upon, that crosses between 
two independently created species would be sterile while those 
between two varieties of a species would be fertile, has proved 
untrustworthy; fertile and sterile hybrids are known both between 
two varieties and two species. There are not only transitions 
between species but between genera and even families, so that in 
these cases also the limits have to be drawn at the discretion of the 
systematist. Ail these facts only become comprehensible if it is 
assumed that species were not independently created but are capable 
of heredity with variation, so that new species can be derived from 
others by inherited changes, while more marked changes give rise to 
new genera or families. On any other assumption it remains incon- 
ceivable why organisms can be placed in groups of lower and higher 
order (species, genera, families, classes, etc.), which are in part co- 
ordinate (like the species of a genus or the genera of a family) and 
in part subordinated to others (like the species to the genus or the 
genera to the family) ; further, that the groups of extinct organisms 
which lived in earlier geological periods can as a rule be naturally 
placed in the same classiffcation as the existing forms. All these 
dilficulties disappear when organisms are regarded as blood relations, 
and the natural system as expressing their nearer or more distant 
relationship, and thus, in a certain degree, as a genealogical tree of 
living beings. 
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2. Morphological Evidence. -^Certain facts are inexplicable on 
tlie tlieoiy of special creation, while they are naturally explained on 
the theory of descent. The common morphological plan of construction 
exhibited by the members of a systematic group, such as a genus, a 
family, or a class, is of this iiatui’e. It extends in a sense to all 
organisms as shown in the cellular structure and the nature of proto- 
plasm. On the other hand, the theory of evolution may explain tlie 
unexpected occurrence of certain features in a group when the plan 
of construction would not have led us to' anticipate them (e.r/, the 
spermatozoids in the pollen-tube of the Oycadeae), The great groups 

of the Bryophyta, Pteridophyta, and 
Gymnosperms, with all their morpho- 
logical differences, are essentially 
similar in the course of development 
and alternation of generations, and 
in the construction of their sexual 
organs. Only on the assumption of 
a blood relationship can one under- 
stand how organs of different species, 
that appear completely different and 
perform different functions, prove on 
morphological investigation to be 
homologous, or that the organs of 
one and the same organism are so 
frequently homologous in spite of 
their diverse structure and functions. 
Eor example, thorns and tendrils are 
“transformed^’ leaves, stipules, stems, 
c, Gratioia o^inaiis'i D, ov I'oots ; the cotyledons, scale-leaves, 

Veronica Chamaedrys. The sterile stamens bractS,- SCpals, petals, StameUS, and 
are represented by black dots, and the , / t . it cc 

position of completely aborted stamens by carpels 01 a plant are all trail S- 

crosses. (2) after biohlee.) formed” foliage leaves. All these 

metamorphoses of organs have evi- 
dently taken place during the phylogenetic development. In the 
same way reduced functionless organs found in some plants have been 
derived from plants in which the corresponding organs are still well 
formed. In the family of the Scrophulariaceae (Fig. 235) the number 
of stamens ranges from five in ’Ferhasmm to two in such forms as 
Calceolaria ; in the genus Scfophularia one stamen of the five is present 
in a reduced condition, while this stamen is wanting in Digitalis ; in 
Gratioia two fertile and two reduced stamens are present, in Veronica 
two fertile stamens only, and in Calceolaria only two half-stamens. 
Useless reduced organs are difficult to understand on the theory of 
special creation. Occasionally an unfamiliar character appears in a 
plant which can only be regarded as a reversion to a long-lost feature 
of its ancestors; examples are afforded by the occasional fertility of • 



Fig. 235.^—Floral diagrams of Scrophularia- 
ceae. A, Verbascurn nigrum', B, Digitalis 
imrpnrea 
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reduced stamens or the appearance of reduced or fertile stamens in 
positions where fertile stamens were present in the ancestrj. The 
similarity of the embryos of very different organisms, which is most 
strikingly shown in the animal kingdom, is a further indication of 
genetic relationship. So also is the fact that occasionally the embryos 
are more highly organised than the mature organism (in some reduced 
organisms, e.g. many parasites). The juvenile leaves on the seedlings 
of some plants which are adapted to extreme conditions of life may 
resemble the ordinary leaves of less specialised species of the same 
genus (e,g, in Acacia^ Fig. 136), Not infrequently a species repeats 
more or less completely in its ontogenetic development what we assume 
on other grounds to .have been the course of its phylogenetic 
development (biogenetio law). 

3. Evidence from Geographical Distribution. — Geographical 
limits which hinder free migration {e,g. high mountains, and seas in 
the case of land plants and masses of land in the case of marine 
organisms) stand in striking correspondence with differences in the 
fauna and flora of particular habitats, countries, continents, or oceans. 
The assemblages of organisms found in two continents differ as regards 
their families, genera, etc., in proportion to the degree of present and 
former isolation because the forms in each region have continued 
their phylogenetic development independently. The easier the 
exchange of forms between two regions the more numerous will he 
those which are common to both. It is a general rule that the 
inhabitants of any region are most closely related to those of the 
nearest region from which migration may be assumed, on geological 
and geographical reasons, to have taken place. This holds, for 
example, for the Cape Yerde Islands and the African mainland, and 
for the Galapagos islands or Juan Fernandez and the neighbouring 
regions of America. The more a habitat, such as an island, is isolated 
from the rest of the world the richer will it tend to l)e in peculiar 
forms (endemism) ; these often differ only slightly from other non- 
endemic forms from which they have evidently originated, though 
further dispersal has been impossible. 

4. Palaeontological Evidence. — Palaeontology shows that in 
the history of the earth species have become extinct and others 
appeared ; that not infrequently the forms in successive geological 
strata can be arranged in series showing progressive organisation ; 
and that the groups which are regarded as most highly organised 
appeared relatively late in the history of the earth {e,g. the Angio- 
sperms in the Cretaceous period). It has also made us acquainted with 
extinct intermediate types between genera, families, and classes. 
That such cases are not more frequent evidently depends on the 
incompleteness of the geological record. In Botany the most important 
of these synthetic groups is that of the Pteridospermeae or Cycadofllices, 
which are plants of the Carboniferous period connecting the Ferns 
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and the Cycadeae ; they have leaves like the former but seeds like 
the latter, while anatomically they present resemblances to both. 


5, DiiiEOT Evidence of the Variability of SPEfjiE>s.— All the 
preceding sources of evidence gain in significance from the direct 
observation of the inconstancy of some species. Careful observation 
establishes the appearance, both under natural conditions and, more 
frequently, in cultivation, of inheritable deviations which would have 
the systematic rank of varieties or species. It has also been possible 
in various ways to experimentally produce new forms the characters 
of which are inherited. The importance of such observations is that 
they give some insight into the problem of the formation of species 
and the origin of new morphological characters. 

B. Formation of Species and the Origin of Adaptations. — All 
observations have so W shown that the inheritable changes in 
organisms may concern this or that character, may be larger or smaller, 
and are irregular in origin. This serves to elucidate the great variety 
in organic forms. These abrupt changes may be harmful, indifierent, 
or useful to the organism. If they are so injurious that the life of 
the organism is scarcely possible, the variety will disappear as quickly 
as it originates seedlings that Lave lost the power of forming 
chlorophyll). To what extent such inheritable changes arise under 
the influence of external conditions has yet to be determined in 
particular cases ; it will be treated of in the physiological portion of 
this text-book. 

Since the acceptance of a theory of evolution it has been evident 
that the origin of the adaptive characters of organisms called for 
special, explanation. The recognition that living beings vary in all 
directions does not afford insight into the striking fact that organisms 
are in many ways adapted to their environment, and organs more or 
less adapted to their functions, while the reactions of the organisms are 
beneficial. This condition of adaptation or inherited adaptedness 
must in some way have originated phylogerietically. As to how it 
arose, observations and experiments have to the present given no 
direct answer. Explanations have been sought in a difterent way, 
the two most important hypotheses being known as Lamarckism and 
Darwinism. 

1. Lamarckism — This hypothesis starts from the fact that 

some organisms assume a different form according to the surroundnigs 
in which their germ cells develop to the mature oi'ganism., without 
losing the power of developing differently in another environment. 
Thus there are plants which can live both on land and in the water 
(amphibious), assuming different forms according to the environment. 
When grown on land they have the form and internal structure of 
typical land plants; when cultivated in water they resemble typical 
aquatic plants. Some plaiits under dry conditions of cultivation 
produce xerophilous characters, while when grown in moist air they 
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are bygropliilons. This power of reacting to ilitferent environments 
Iw the development of didereufc characters is known as the ea]KU:ity 
of loudilication. Such 3101)11*1 GATlO>J.s (cf. Physiology, p, :^ 22 ) are 
not inheritable in the sense that the seeds of, for example, an am- 
phibious plant which has developed in water to u water plant will 
produce tl'ie aquatic form if tiiey are sown on land. On the contrary, 
the land form is always produced on land cund the aquatic form in water 
whether the seeds have been taken from the one form oi* the other. 

These inliuences of the environment have beeii regarded as direct 
adaptations on the part of the plant which has the power of thus 
modifying itself. Tiie power has further l>eea attriluited to the 
organism of responding by a useful reaction to every external influence, 
even to those not met with under natural conditions. Buck a power 
of adaptation would apply to new functions as well as to external 
factors ; the neetl of an organ would bring about its formation. It is 
further assumed by Lamarckism that every modification, especially 
those resulting from external factors or the needs of the organism, is 
inlieritabh-s or at least can become inheritable in the course of time. 
Thus when a plant has been for generations directly adapted to aquatic 
life, to life in the shade, or at the expense of another organism, the 
ac(|iiired peculiarities of structure gradually become fixed, ie. they 
also appear when the occasion for them is no longer present. 

• Regarding this view it must first be remarked that the assumption 
a need for an organ can bring about its formation '' is not clear, and 
also that nothing is known of the inheritability of those effects of 
external conditions that have been termed modifications above. For 
these reasons alone Lamarckism must be given up. Further, it is 
difficult to conceive that the organism should react usefully in 
anticipation of particular external factors. As a matter of fact we 
not uncommonly meet with reactions to new unaccustomed stimuli 
which appear quite indifferent or even harmful. Thus the tentacles 
of Drasem become curved at a high temperature just as if they were 
in conUict with an insect. Leaves cut off from a plant may continue 
to live for years by producing roots even when they are unable to 
form shoots. When there appears to be direct adaptation to various 
stimuli (ejj. water, light, air, shade, etc.), to which particular 
organisms are exposed in their habitats, the result may be otherwise 
explained. It may be assumed that such organisms already possess 
the capacity or the factors which enable them to follow this or that 
course of development according to the external conditions. The 
external conditions would not produce the factors but only determine 
their becoming manifest or not. How these factors have historically 
come about, and why some organisms possess them and others not, 
why, for example, only some plants are adapted to live in water as 
aquatic plants or as land plants on the land, remains still unexplained. 
On this question Lamarckism throws no light. 
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PHYSIOLOGY (1) 

The object of Physiology is to describe the plieiiomena of life, to 
study their dependence on external factors, and so far as possible to 
trace them back to their causes. Physiology, like Chemistry and 
Physics, is concerned with inquiries into the causes of what takes 
place. It must, however, also take into consideration the significance 
to the organism of what happens. In its methods as well as in its 
problems Physiology agrees with Physics and Chemistry ; its methods 
are experimental. 

The main results of physiological investigation are the following : 

1. There is no fundamental distinction between tiie vital pheno- 
mena of animals and plants. This is not surprising, since plants 
and animals are only morphologically distinct in their more advanced 
representatives. In the physiological sphere it becomes more and more 
clear, as investigation proceeds, how similar the course of life in the 
two kingdoms is. The physiology of organisms is thus really a single 
subject. A text-book of botany has evidently only to give an account 
of the physiology of plants, but, where this is useful, analogous pheno- 
mena in the animal kingdom will be mentioned. 

2. In some respects the behaviour of the living plant does not differ 
from that of non-living bodies. In spite of the lai’ge amount of water 
which it contains, the plant is as , a rule solidy and has the physical 
properties of such a body. , Weight, rigidity, elasticity, conductivity 
for light, heat, and electricity are properties of the organism as they 
are of lifeless bodies. However important these properties may be to 
the existence and the life of the plant, they do not constitute life itself. 

3. The ESSENTIAL PHENOMENA OF LIFE are strikingly different from 
the processes met with in non-living bodies. They are intimately 
connected with the protoplasm and depend on the peculiar fashion 
in which this substance reacts to influences of the outer world, Le. 
upon its IRRITABILITY and CAPACITY OF REGULATION. 

(a) Irritability. — In the reactions of the organism the con- 
nection between the causal influence and the effect induced by it 
is not so apparent as it is in chemical or physical processes. This 
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depends on the part always taken by the protoplasm, so that the 
reaction observed is not the direct effect of an external cause, but a 
very indirect result. Further, according to the condition of the proto- 
plasm, the same factor may produce different effects. An example 
will make this clear. 

If the free end of a flexible rod is placed horizontally, it will bend downwards 
to a definite point as the result of its weight. A part of a plant will behare 
similarly, and if dead, as for instance a withered stem, will remain in the position 
it thus assumes. If, however, a living growing stem has been used m the experi- 
ment it will exhibit an effect of gravity which is very surprising in comparison 
with the purely j>hysical effect. The growing portion of the stein curves, and by 
its own activity becomes erect again ; it thus moves against the force of gravity. 
If the experiment is made with a tap-root, this will curve vertically downwards 
much further than its own weight would cause it to do. A rhizome {e.g. of ^cirpus), 
on the other hand, will place its growing tip horizontally when it has sunk by 
its own weight out of the horizontal plane. In these three experiments the 
physical conditions are the same. The weight of the earth acts on a horizontally- 
placed portion of a plant. The results in tlie three cases are as diflercnt as 
possible. 

The explanation of this remarkable behaviour of the plant is to 
be sought in the fact that, while to begin with gravity infiueiices it as 
it would influence an inorganic structure — giving weight to the mass 
— this primary physical change then acts as what is called a stimulus. 
This liberates inner activities of the plant which have neither quantita- 
tively nor qualitatively a recognisable connection with the force of 
gravity. Such relations become clearer if the organism is compared 
with a mechanism. The connection between the light pressure of the 
finger on the trigger of a gun and the flight of the bullet is not a 
simple one. The pressure first liberates a tidgger ; the energy thus 
obtained drives the hammer on to the percussion-cap ; this .explodes 
and causes the powder to explode ; the gases liberated by the explosion 
force the projectile from the barrel. It is clear that the force of the 
hammer bears no relation to that of the pressure of the finger of the 
marksman, and there is just as little connection between the amount of 
force generated by the expansion of the powder and that exerted by 
the hammer of the gun. There are energies present, those of the 
trigger and powder, which are set free. Such liberations of energy, 
especially when they follow in order and constitute a chain of 
processes, are of very frequent occurrence in the organism. They are 
knovm as phenomena of irritability, and the factor which starts them 
is termed the stimulus. They are always found when the specific 
phenomena of life are concerned. 

Just as the action of a machine is only comprehensible when its 
construction is known, a knowledge of the external form and internal 
structure of the plant is a necessary preliminary to its physiological 
study. Tt has been seen, however, that it is not possible to under- 
stand the function from the structure to the same degree in the case 
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of the plant as it is in that of a machine. In the organism we 
are concerned not with the mechanrcal interaction of parts but with a 
succession of chemical reactions. While it is true that the phenomena 
of life cannot as yet be thoroughly explained, this does not negative 
the conviction that they only differ from the processes in inorganic 
bodies by their much greater complexity; in principle a physico- 
chemical explanation of vital phenomena can be attained. 

(b) Capacity of Regulation.— The study of machines not only 
assists in the comprehension of a liberating stimulus but further 
renders clear the second widely-spread property of organisms, le, their 
regulative power. As in a machine the speed may be automatically 
maintained at a particular level, so in numerous processes in a plant 
there is an element which controls the result both as regards quality 
and quantity. Though self-regulated processes are not wanting in 
the inorganic world, they do not occur abundantly as they do in 
the organism. On this account the power of regulation may 

BE REGARDED, TOGETHER WITH THE IRRITABILITY, AS A SPECIALLY 
IMPORTANT CHARACTERISTIC OF LIVING BEINGS, 

4. So long as the organism is actively living, an unbroken chain 
of changes can be recognised in it which are exhibited in the three 
following ways : 

(i.) An organism, which appears to us as an individual, does not 
consist of the same unchanged material, even when no further growth 
in size is taking place. While its external form remains constant, 
progressive changes go on internally. New substances are taken 
up from without, are transformed within the plant, and are again given 
off from it. The organism has a METABOLISM, Inorganic nature 
offers us no process analogous to this. 

(ii.) As a rule, however, metabolism does not proceed so that the 
absorption and giving-off of material are equal, but more is absorbed 
than is given off*. The mass of the organism is increased, it grows. 
Growth is also known in the cases of chemical precipitates or deposits, 
and qf crystals. In these cases it tends to proceed in such a wa/ 
that no essential change of shape ‘takes place (crystals), or that the 
changes in shape are accidental and irregular (precipitates). The 
organism, on the other hand, by changes of its form assumes quite 
definite shapes, which follow in regular order. It passes through a 
DEVELOPMENT which leads sooner or later to the production of new 
organisms or daughter individuals ; reproduction takes place. 
Growth, development, and reproduction are processes highly charac- 
teristic of living beings. . 

Some precipitates have a certain external similarity to plants tinder certain 
conditions. If some sulphate of copper to which sugar has been added is intro- 
duced into a solution of feiTocyanide of potassium and common salt containing 
gelatine, a. precipitate of ferrocyanide of .copper is formed. This to all appearance 
grows, and in its form recalls that of plants., This ‘‘artificial plant’’ lacks, however, 
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not only the internal structure of a true plant, but especially the power of repro- 
duction and of regular development. 

(iii.) Lastly, organisms exhibit powers of moveiment; they either 
change their positions bodily, or they bring larger or smaller parts of 
their bodies into other positions. Since inorganic bodies and dead 
organisms may exhibit movements, it is only the kind of movement 
and the means by which it is brought about that are characteristic 
of living beings. 

In nature the three processes mentioned above, metabolism, 
development, and movement, usually go on simultaneously. Meta- 
bolism without movement of the substances concerned is impossible ; 
development is bound up with metabolic changes and with movements ; 
and, lastly, movements cannot occur without metabolism. Neverthe- 
less, we may for descriptive purposes consider the three processes 
separately, and thus divide Physiology into the following sections : 

(1) The study of metabolism or chemical physiology, which may 

also be termed the physiology of nutrition. 

(2) The study of development or the physiology of form, changes 

of shape, and the mechanism of development. 

(3) The study of movement. 

5. The full vital activity of the plant is only attained when a number 
of conditions, which may be divided into internal and external, are 
fulfilled (-). The internal causes of life are connected with the 
protoplasm. Its structure and organisation not only determine that 
the changes -which take place in the organism have a vital character, 
but that the organism shows specific differences depending on the 
tlescent of its protoplasm. Thus the most fundamental condition of 
life is the presence of a living mass of protoplasm. All other condi- 
tions of life can be created or removed at will. The protoplasm, on 
the other hand, cannot be artificially synthesised, and only arises in 
the organism by the activity of existing protoplasm. 

The protoplasm can, however, only carry on its activity by con- 
tinual interaction with the surrounding world. The influence of the 
latter is threefold. It provides the material from which the body of 
the plant is built up; it acts as the source of liberating stimuli 
(p. 216) ; it provides the plant with the necessary energy either in the 
chemical energy of substances absorbed from without or as vibrations 
of the ether. 

In the external factors that arc of importance for the life of a 
plant, a distinction must be drawn between the necessary and the 
inessential factors. Indispensable conditions of vital activity are a 
certain temperature and the presence of certain substances, as well as 
the absence of others that act injuriously or fatally (poisons). On the 
other hand, light is not in such a general sense a necessaiy condition 
for life. Some plants require direct sunlight, at least for their 
aerial organs, while others avoid this and seek the shade (shade 
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pkiiis); I)tiier.s can pass through their whole life-lhst.iiy ni cuieiilrie 

darkness. "'-ir'*' ■ ■ 

The necessary fiicioi'S must further be present witlmi 
definite limits. An excess (above the uuixiiuuui) oi too ^ ' 

the minimum) is alilo; injurious, ami at a certain uiteiiBity (oplim i ) 
the best results are obtained. Misimhm, oniMU-M, and m ax (Ml M ai . 
recognisable in the dependence of every vital phenomenui, on an 
exteniid factor, and arc called the (ttRWXAl. I'OIXW o thc in luu . , 
of this iietor. They are by no means coustant.s ; they .idler tm 
particular ..rgauisms 'and particular vital phenomena; they chang.' 
with the duration of the iutluence of the factor, and tlie\ depcmi . ■ 
the comlitiou of the plant, and on other external tactors. 

Everv transgi-ession of the minimum, or the maximum, tm a 
externarfactor leads sooner or later to death.' Thts may result from 
too high a temperature or from too low a temperatur-x from t..o 
much or too little light, or from _ an excess or au 
some substance. Thus when too little uater is o"/'’) a p < 
up, or when a substance is present in excessive and injurious amount 

a plant may be poisoned. 

.Most plants are killed by boiiig frozen f) at sufficiently low ™’im 

Nearly all are killed by high temi^ratures that are lar 

of water. Only some Cyanophyeeae can endure the very high U-iupcr.itui . . 

““'siscnitiS 'Sits, esiieeially those of a tropical climate, are killed even at 

temperatures Jovo O^a ^ Others are killed by the formation of ice in the tissues, 

whUe some may be frozen hard iu winter without suflering any 

/,>Ma in Northern Siberia endures a temperature of -46 C'- 

and some forest trees can stand even -60“C. The re.s.stance o ^ " 

to e.xtrcme cold is notewortliy. Tims in Pk-’TET s experiments Diatoms ciiduud 

a loiisr time a tcnipcrature of ” 200'* C. , , . j-a" 

By iiicro.aso of the intensity of light any cell can be killed ; ^ ' 

the action of the light may be either mainly olmmioal or mainly 
Bacteria are killed even by brigbt daylight; on this depends the important 
hygienic effect of light in houses and dwelling-rooms. 

The need of light not only changes from one species ot plant to .inoliici, oi fiom 
individual to individual, but the optinuim effect ot light may change im t u . . 

individual as it develops. Many of the cultivated plants J J ^ jf.- 

Coffee and Cocoa, require shade when young, and need to he at t st 
shade-giving trees (species of AlhUzui, Mimi) planted for tins purp 
they bear or even require exposure to the full tropical sun. 

Amok the inflknees of particular suhstances that of WA«n is esp.«ia ly 
evidek When light and temperature ai-e at the optimum, as is the ease ,u tb 
tropios the development of plants depends above .all on the supply of watn. 
32’ Sh a large rainfall! uniformly distributed throughout the year, a mosh 
luxuriant vegetabte growth occurs as in the foraiation ot^ the ™oneAi. lam 
roREST. A regularly recurrent dry period determines i)ECJDt'<n,s i - »- , > _ 
rainfall permits of the formation of bavasnahs, and still more ref. uoe pr uj 

tion leads finally to a DE«ERT(^b ^ Often 

few plants can bear prolonged drying and the associated loss oi ivatcr. 
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death at low temperatures results, uot from the direct infliieiice of the cold, but 
from the insufficient absorption of water, the roots being unable to take from the 
cold or frozen soil enough water to make good the transpiration from the sub-aerial 
organs. 

6. Death does not necessarily at once result when the minimum 
or maximum for external factors is overstepped. The organism has 
frequently passed into a condition of LATENT HFE, and this may also 
come about from internal causes. It is often difficult to decide from 
inspection whether an organism is in the condition of active life, of 
LATENT LIFE, Or of DEATH. Latent life has this in common, with 
death, that all vital activities are arrested ; but wffiile active life can 
be resumed from latent life, this is impossible when the organism 
is dead. 

Many resting stages of plants, such as seeds and spores, pass into the state of 
latent life. They are then as a rule far more resistant to desiccation, heat, and 
cold than organs in an active condition. Thus spores of Bacteria can bear a moist 
heat of 100° 0. and more, and the same holds for some seeds, sucii as those of species 
of Medicago, On the other hand, spores and seeds in the dry condition resist a low 
temperature even of - 253° C. (®) 


SECTION I 

METABOLISM («) 


L The Chemical Composition of the Plant 



Any consideration of the metabolic changes in the plant requires 
a knowledge of its chemical composition. This is studied by chemical 
methods. 

Water and Dry Sul^stance. — Borne insight into the composition of 
the plant can be obtained without special means of investigation. 
Every one who has dried plants for a herbarium knows that the plant 
consists of water and dry substance. He also knows how the removal 
of the water influences such fundamental physical properties of the 
plant as its rigidity and elasticity. By means of -weighing it is 
easy to show how large is the proportion of water in the total weight 
of the plant. For this purpose it is not sufficient to expose the plant 
to' the air, for when air-dried it still retains a considerable proportion 
of water, which must be removed by drying in a desiccator or at a 
temperature of over 100"^. C. It can thus be ascertained that the 
proportion of water is very considerable ; in woody parts some 50 per 
cent, in juicy herbs 70-80 per cent, in succulent plants and fruits 
85-95 per cent, and in aquatic plants, especially Algae, 95-9.8 per cent, 
of the weight of the plant Consists of water. 
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Ash,— While we can thus distinguish by drying between the water 
and the dry substance of the plant, m are able by burning to dis** 
tinguish l:)etwecn the combustible or organic materml and the iiiconi- 
];mstible substance or ash. The fact that the plant leaves an ash is 
evident in the burning of wood or in the smoking of a cigar; the 
microscope further shows that even minute fragments of cell wall or 
starch grains leave an ash on burning. Information as to the <|uantita- 
tive relations of the ash is afforded by analysis, which shows especially 
that the various organs of a plant differ in this respect ; leaves, for 
example, tend to contain more than stems. It has thus ]>een found 
that the dry substance of the leaves of Bmmat rtfpa contains about 
20 per cent of ash, while the stems have only 10 per cent (cL p. 23H). 

The constituents of the ash also vaiy according to the nature of 
the soil and other external inlhiencevS. On the other hand, distinct 
species may accumulate different rpuintities of mineral substances, even 
when exposed to the same external conditions. 

While the majority of the more common elements occurring in 
the earth are found in the ash of plants, only a few elements are 
present in sufficient amount to be quantitatively estimated. These 
are the non-metals Cl, S, P, Si, and the metals K, Xa, Ca, Mg, 
and Fe. 

Organic Substance. — Chemical analysis is not needed to show 
that the plant contains carbon in a combined form. -Every burning 
log or match shows by its charring that it contains carbon. The 
examination of a piece of charcoal in which the finest structure of the 
wood is retained, shows further how uniformly the carbon is distributed 
in the plant, and how largely the substance of the plant consists of this 
element. Accurate weighing has shown that carbon constitutes about 
one-half of the dry weight of the plant. On cc>nd)iiBtion of the dry 
plant the organic substance is changed, and passes off in the form of 
carbon dioxide and water, ammonia or free nitrogen. It contained 
the elements H, 0, N, and C chemically combined ; some of the 
elements mentioned as occurring in the ash may also occur in organic 
compounds. 

Source of the Materials. — There are thus only the following 
thirteen elements found in 'considerable quantity in the plant: 

H, Cl, 0, S, N, P, C, Si and Na, K, Mg, Ca, Fe. 

When the plant is growing their amount is continually increasing 
ill the plant, and they must therefore be continually absorbed from 
without. 

As a rule, only gases and liquids can enter the plant; solid 
substances have to be brought into solution before they can pass 
through the firm cell walls. W^hen, however, cell walls are absent, as 
in the Flagellates and Myxomycetes, the naked protoplasm is able 
to surround and thus to absorb solid particles. 
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The cliemicarcompoBition of aiiiBials is essciitiall}' similar to that 
of plaats. The ■ a,l3sorpTiou of food in aiiimals talces placf^ by means 
of the digestive system. The contrast is, however, not so great a.s 
appears at lirst sight, for as a rule the ban! maueials are rurnaeled 
into a fluid condition before they arc absorljed by the cells, 

n. The Nutrient Substances : their Absorption and their 
Moyement within the Plant 

The materials taken into a plant may bo necessary, ^l^Hlcee^sa!'v, or 
harmful. In any particular case this can otily be decided experi- 
men tally, for it would lead to erroneous coiiclusiotis to assume that 
all substances constant!}^ ]n*escnt in a are luaN'ssary. it lias 

indeed been found that only tcfi of tlie thirteen elmuenis numtiomai 
above arc indispensable. They enter the plant nut us (dements hut 
as compounds. We can distinguisli as die lliree main groups of 
nutrieitt substances — (a) water, (/>) salts <lissolvt*d in water, (r) gases. 

A ])Iant cannot exist without a continual su|}|dy of nutrient side 
staticavs. This is evddeiit in the ease of a. growing plant in whieli the 
increase in sixe of the body is at the cost uf ihi‘ material absurbed 
from without. The fully-grown portions of the plant also nMiuire a 
steady supply of ttew material, since their metabolism involves a 
constant loss of substance, 

(a) Water 

All tile chemical cdianges which take p]a<!e in the metakdisiu id 
the plant ava carried out in water v HoorTtoXH. For tliis naisou 
WATER IS AN INDISPENSABLE CONHTmjKNT id the plaid. All portions 
of the p]a,nt are ptirmeated with water, and the prtduplasnu tin* basis 
of life, always contains 75 per cent or tipwarrls of water. The plant 
can only carry on its life fully when in this condition of sainrutiem 
wuih water. Any considerable dimimiticm in the amcniiit of water 
either destroys the life permanently, or at least so greatly iliminislies 
the manifestations of life that they can no longer be?, observed. 

With the exception of Bomes Bucciilciit phmta wliioh are lui’mjunHl hy thu Iuhh 
of nine-toiiths of their water, plants as a rule have their activity impaired hy the 
loss of water in withering, and are killed ly complete deslecmfioii. It is ahvayn lo he 
regarded as due to some special provision or excefRional cpialiiy when entire I'hiiilH, 
or tlunr reproductive bodies which have been dried, tmn be again brought to life 
by a Supply of water. Thus, for example, some epiphytic Ferns, some Algerliiii 
species and the Central American ,^dmjmei!u iqmiuph'ifiht, caii withstand 

droughts of many months* duration, and on the first rain again biirat into iiiid 
renew their growth. In like maimer many Mosses, Livorworts, bitdieiis, and 
Algae growing on bare rocks, tree-trunks, etc., smn able to Ktistain long aeahOiw 
of drought without injury. 

Seeds and spores after separation from the parent plant mn as a rale end me 
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drying and remain productive for a long time. In this case also all vital manifesta- 
tions cease in the dry condition. 

iMaiiy seeds lose their power of germination after having been kept dry for only 
one or a few years ; others even after a few days ; and others again cannot endure 
drying at all. It must not he forgotten that in all these instances a certain amount 
(about 9-14 per cent) of hygroscopic’ water is retained by plants even when the 
air is quite dry. Over the sulphuric acid of the desiccator seeds retain for weeks 
6 per cent or more of their weight of water. Even drying at 110®, or the action 
of absolute alcohol, can be borne by some spores and seeds. 

Absorption of Water 

Absorption of Water by the Cell. — x\li parts of a plant and all 
the parts of its individual cells are saturated with water. The cell 
men)])rane has the water so freely divided between its minute particles 
that the water and the solid substance are not distinguishable under 
the highest magnification. If the water is allowed to evaporate, air- 
fillcd cavities do not appear in its place, but a contraction of the 
cell wall takes place. On the other Land, the absorption of water by 
dry or not fully saturated cell walls causes a swelling of the latter. 
The increase in volume which a body undergoes as the result of the 
introduction of fluid is termed imbibition (^) ; the amount taken up 
is limited for a particular temperature. There are substances which 
swell in alcoliol or xylol ; the vegetable cell wall, however, swells in 
water. The walls of ligniiied cells absorb about one-third of their 
weight of water, while those of many Algae and some seed-coats 
and pericarps absorb several times their weight. This takes place 
with considerable energy, and can thei'efore overcome considerable 
resistance. 

The air-dry protoplasm of many seeds and spores imbibes water 
and swells just as does tiie cell wail. Like gum arabic, however, it 
loses the characters of a solid body and passes into a colloidal solution. 
Tins is the condition of the protoplasm, as a rule, in the actively 
living cell, though certain portions may have a firmer consistence. 
Colloidal solutions have, indeed, always the tendency to pass from 
the fluid (sol) condition to the gel condition. 

The cell sap is always a molecular solution of crystalloids in 
water, but may also contain colloids. 

Only a cell which is not completely saturated for water can 
withdraw water from its surroundings. It is thus necessary to be 
clear as to what is meant by a cell being saturated for water. For 
the cell wall the answer is simple;, the wall is saturated when the 
maximum of swelling has been reached. It is much more difficult to 
determine the limits of water capacity for the protoplasm and cell sap. 
Taking the latter first, it may be assumed for the sake of simplicity 
that it is a solution of crystalloids, and that it is enclosed by the 
cell wall only without an intervening layer of protoplasm. If a tube 
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of Cjclluloso is filled with a solution, for instaiiee of eoiirinoii salt, ainl 
placed ill water, a proeoss of Bn-aarsiox will roiuiiieure. Water 
passes into the tube while sa.lt passes out front it. Altlioii.iih ilie wal! 
of the cell offers greater resist ajiee to the passage of ihr salt than of 
th(‘ Wiiter, the diffusion if continued long enough will result in the 
same coiieentration being attained at all points both within and 
without the cell A partition which is permeable to bot.h water and 
salts thus only afieets the process of difliisioii by tlimiiiisliiiig if.s 
rapidity. 'When the wail ianisists of a sub.stam.'e whieh is ^*^!adIiy 
perniejible to water but quite impermeahde to tlie salt, the course of 
tliffusion is essentially different. If such a SKMl-nKUWKABf*K MKM- 
nUANK is ctnployed, there is no question of ;i dilfusioii of the salt, but 
the eonditions permit of a diffusion of water 
inwanls. Since within the Hiuni qaermeable 
mernliiune a portion of the space is occupied 
hy the molecules of suit, the water is .liera: less 
concentrated than outside. A diflhsioii • 
the more concentrated to tluxl ess xa)ii centra ted 
water, therefore, takes place. ' . Siichua one-sided ,, 
diffusion is termed osmosis and it results in 
a condition of pressure (osmoyic* UEEssuiiK) 
within the cell. 

,A physical apparatus; iBay,,,,ii'i the first 
instance, be employed to demoiistrate and 
measure the osmotic pressure. Sineo semi- 
, _ . , permeable menibranes are inosthvdclicate, they 

<»1! witli thn tireci]»itation iii vtii. ti. 

rnmnimim (N); M, mmo- supportcfi by a Solid but pofouft substratuiu ; 
meter with mmvury ( 0 ); they tuay be deposited on the walls of c*©l!s of 
Hugiir Holutiun. uugkzed clay. Such a cell (Pig. 236) may, 

for instance, have a serai-permeablo membrane 
of ferrocyanide of copper deposited on its inside. The cell is tlicui 
filled with a solution of sugar, dosed, provided with ii mermry 
manometer, and immersed in water. The osmotic pressure is indicated 
by the rise in height of the mercury. It Ims been found that a 
I per cent soMtim^f cane sugar can give rise ton pressure of | atmo- 
sphere. Assumisilg tliat the semi-parrneable meiiil)rane k imperniMbk 
to the dissolved siAstance, the effect of all solutions of crystiilloidB is 
nearly f^rifsgtional to the number of molecules and ions present. 
Solutions thal produce the same osmotic pressure are termed isosniotic ; 
thus, Tor example, 0*fi8 per cent NaCl, 2T per cent grape sugar, and 
;Ti3 per cent cane sugar, are isosmotic with 1 per cent |t)taRsiiim 
nitrate. 

The clay cell corresponds to the coll wall ami the ferrocyanide of 
copper membrane to the protoplasm. ’ In the vegetalfie cdl itself the 
cell wall is completely permeable apart from some special eases (®®). 
The layer of protoplasm applied to it, on the other hand, is more or 
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less semi-permeable, at least so long as it is living. As a result of 
this there is a one-sided passage of water ’into the vacuole without 
any corresponding passage outwards of salts. A further result is 
the pressure of the cell contents on the protoplasmic sac and through 
it on- the cell wall. The protoplasm becomes stretched under this 
pressure (turgescence, osmotic pressure) without much resistance, but 
the coll wail, by virtue of its elasticity, exerts a considerable counter- 
pressure. This puts a limit on the absorption 
of water by the cell. It ceases when the 
amounts of water entering and forced through 
the distended membrane in a unit of time are 
eipial. 

It is not necessary to go further into the 
question of the water-content of protoplasm. 

It is also necessarily limited, since the proto- 
plasm is under pressure on the one side from 
the cell sap, and on the other from the cell 
wall. 

The distension of the cell wall is often con- 
siderable and depends on the amount of the 
internal pressure and the elastic properties of 
the cell wall. In many cases the cell wail is 
stretched by the pressure some 10 per cent to 
20 per cent, in extreme cases even 50 per cent, 
and it contracts when the pressure ceases. 

When the ceil is ’pricked or the protoplasm 
killed, the pressure is removed and the wall con- 
tracts (Fig. 237). By the distension the cell 
wall becomes more rigid, just as a thin india- 
rubber balloon when air is forced into it resists 
changes of shape. The increase of rigidity of 
the plant, by reason of the turgor pressure or 
turgescence, is very important ; it is the simplest, 
and in many eases the only way, in which the 
cell becomes rigid. This is dependent naturally 
upon the presence of a sufficient supply of water ; 
if a distended cell is taken from the water and 
allowed to give up water in the air, the stretching of the wall disappears, 
and with this the rigidity ; the cell wilts. With a fresh supply of 
water the turgescent condition can be restored. So long as a cell does 
not possess its maximum water-content it acts as a suction-pump, the 
degree of suction depending on the deficiency in water. Under such 
circumstances it will be evident that‘ cells with highly-concentrated cell 
sap will develop the greatest power of suction. 

Many chemists regard every molecular watery solution as having 
a‘ definite osmotic pressure, whether this is actually effective towards 

I'b’: 

WkM, 



Fio. 2E7.— rnternodal cell of 
Nitella. F, Fresh and tnr- 
gescent; 2\ turgor 
reduced, flaccid, shorter 
and narrower, the proto- 
plasm separated from the 
. cell walls in folds; ss, 
lateral segments, (x circa 
0. After Noll.) 
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fche ontsiilo or not A. wiltcil «el! wbfcli liris WMinr lui-i 
{*niu‘Oiitrate<I cell and in tlio serihO llit* u-nu^t\v 

lia.s iiK'rea.se(l. On the other hand, ilw pre^^.-iire aetifi^u' on the imne 
braaie has dimini.shcd or k conipletely eliminated. This latter poMsinv, 
f.e. the exicrimlly elibctive osmotic pressure, ma}' he di-u ia^^ni.died as 
Tumsoii PKi‘]S,SOEK, sirmc it brings about the slillhess or tiu'ge.-ia nee uf 
the |jkiit. A statement that a cc4! has a certain r»om’»f,ic pressure 
thus tells nothing as to the haiglit ui the. turgor pf'e-surt* ; this ivill 
vary atjcording to the water supply, CJiveii a siitlieient supply of 
water it is true tlnit the whole osinotie pnjssure ^vill he i‘xpriis<ed, as 
turgor pressure. 

The ])licnonH{non kjiown as PLASuru.vsis serves In dmiuminc the 
osmotic irressure. If a turgeseent cell is placed in a salt sohitihui 
which has a higher osmotic pressure tliari the, eel! sap, the pressure on 
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the membrane is removed and there m Ji shortening of tJie cell 
followed by a separation of the protopliisin fr<mi t!i.e wall ; tliis 
begins at the attgles and ultimately leads to the rouiiiling off «if ilte 
protoplast within the cavity of the cell (Fig, 2S8), It is iminateriid 
what sii1>stance is employed to produce plasmolysis, but the pri'ito** 
plasm must be impermeable to it and not injurecl by it Tfu3 I'casoti 
why the solution withdraws water from the cell mp is readily under- 
stood, Since the external solution contiins more molecules and ions 
than the internal solution, the water in it is less ccmcentnitei! ; water 
therefore passes from the higher concentration to the Icnver until 
the concentration within and without is the same. If the Roliiiioii 
employed for plasmolysis Just efiects the separation of the protoplasm 
at the angles of the cell, it can be regarded as isosmotic with the cell 
sap. Since the osmotic pressure of the soliifcioii is kiiowm from 
physical investigations, we thus arrive at the osmotic pressure in the 
cell Pksmolytic determinations have shown that in ordiimry cells 
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this amounts to 5-10 atmospheres, but can sometimes be 100 or 'more 
atmospheres. It tends to be unequar even in neighbouring ceils, 
and may show periodic variations in connection with external 
conditions (^^). 

The separation of the protoplast from the cell wall does not take place so 
smoothly as shown in Fig. 238. The protoplasm tends to remain connected to the 
Avail by fine strands which rupture later. . 

On transference to pure water the turgescent condition Avill he regained, if 
the protoplasm has not been injured by the solution. If the protoplasm is killed, 
hoAveA^er, it has become completely permeable, and the necessary condition for a 
one-sided pressure has disappeared. Fresh living slices of the Sugar Beet and of 
the Beet Root Avhen placed in pure water do not allow the colouring matter to 
escape from the uninjured cells. If the protoplasm is killed, the pigment passes 
into the surrounding Avater. 

High osmotic pressures are found in cambium cells (25 atmospheres), nodes of 
grasses (40 atmosidieres), and certain desert plants (100 atmospheres). The 
highest pressures are met Avith in plants, Avhich like those of the sea and sea- 
shore live in solutions of common salt, or like some Fungi succeed in sugar solu- 
tions. • In these cases also the osmotic pressure of the cell always exceeds that of 
the surrounding solution ; it is adapted and capable of regulation in. relation to 
the medium, and is therefore not always the same (^^). It is easy to understand 
Avhy cells with such high osmotic pressures burst Avlien transferred to less con- 
centrated solutions or to pure water, in which their turgor pressure is greatly 
increased. 

The Absorption of Water by more Complex Plants, — In many 
lower plants all the living cells take part in the absorption of water. 
In more complex plants only the 
superficial cells are in contact with 
the supply of water in the environ- 
ment, and absorption of Avater is 
limited to them. In the cormus, 
at least in the typical land plants, 

the absorption of water is limited . f,„. 2 S 9 ._Tip of a root-i,air,vitn adhering 
to the epidermal cells of the roots. i)articles of son. (x circa 240. After Noll.) 
The sub-aerial parts of the plant, 

covered Avith a more or less strongly-developed cuticle, cannot under 
natural conditions absorb sufficient water for the needs of the plant. 
The root, on the other hand, is highly specialised for this purpose, 
both as regards its external form and the structure of its limiting 
layer. Since the Avater in ordinary soils is finely subdivided and held 
firmly by .the particles of the soil, a large vsurface must be exposed 
by the absorbing root. This is attained by the extensive branching 
of the root-system and by the presence of root-hairs Avhich become 
attached to the finest particles of the soil (Fig. 239)., 

The plant is connected to the soil by the numerous lateral roots 
and their root-hairs, and can thus obtain the water held by capillarity 
in the soil, as soon as by loss of water a poAver of suction has arisen 
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in tlie root-hairs. A phiot taui nxtrart walan* ovrn frnin ,1 ^nil whh^h 
appears dry. As absorption from sneii a< sthl the piajit 

begins tu wilt, but oven in this state absnrptiHti ]< siil! lakiny plane, 
tlioiiyli it does not yei so fa.r as to obtain tite la.>l lra.eeN tif uater from 
the soil. The process cotAinues furthi'r in des« !1 plains aceonling to 
FrrrtNOj since ihair cell sap is highly eunceiit rated and ran dewlop 
a very strong osmotic suction 

'Folkfwtag Hxcns, l-hnoos ami SimNtx htiw *tif‘rm!he<| llii- ecjutem u\‘ 

the sail at the momeiit, tif wilting. Thi> they f»‘!fa ihe i*ofl!haen| rh' wilffiig aiih 
express it a.H a pereeatage of the tlry welglit of iliC sutL Tiny hiel that il lias 
nearly tliC same valut? in dillerent plants, hut tUlh-rs ^u»'h Iv iii ^liileieni; stiils. 
Tims the etmllicient t*t’ waiting in eoai'se sanJ is O’ih u\ line >in I 'Jahtoth in samly 
kami iVa, ami in eiayey Inam up to Hj’h. 

Other Types of Absorption of Water. Htaue pUmK <le mmI «4iiain tlnir water 

from the soil, I’iuy behnjg ehjt fly tm UVu eeiilngti'al gieiips. ihe 

F.PirHVTKs ami the WATFU: ruAXTs. The morphologie.al ajrl anat-iHiieal pn-.n- 
liarities found in relation to the. ahf;nrpti“fi ♦>!' ruin .uel ds w hy the ?.uh-.*u*rial 
organs have ahvjuly been dealt with on IST 

Movement of Water In the Plant 

That a movement (?f from ihe-roftiH to the, acrhd parts of the 

plant must take place follows from the fact that water is r<i<juired in 
the development of new cells in the growing regions. Tlii^ plant, 
however, requires far more water than is needed for its coiiHtruetion, 
because it gives off large quantities of water in ilie form of vapour, 
ami a less amount in the, liquhi form from its aerial portioiis. The 
former process is known as TnAKHriEAmm, the latter as kxudation. 

Transpiration 

The vegetable coll, like every free surface of wjiier .or substance 
swollen with water (c.f. gelatine, mucilage? ), must give up water to the 
air so long ns the latter is not completely satiinitoil. Under ecrtaiii 
conditions the loss of water from some piarts of plants root-s, sub- 
merged portions, shade plants) is very great. Kuril objerls exposed to 
dry air, especially in the sim, lose so much water that tliey become 
collapsed, limp, and wilted, and ultimately dried up. The leaves borne 
on ordinary land plants behave otherwise. At first siglit no loss of 
water is perceptible from them ; but they also wilt during a clrouglit, 
which renders absorption of water from the soil difficult If the siipjjly 
of water to them is interrupted completely, as by cutting tiusin off, 
the wilting occurs more speedily. That they as a rule do not mu’lt 
when in position on the plant evidently depends on the fact that water 
is supplied from below in equal amount to that evaporated from above. 
The giving off of water can be demonstrated by siiiiplo iiicthods. 
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1. If a transpiring part of a plant is covered with a bell-jar that lias been pre- 
viously cooled, the water vapour given olf from the plant will be deposited in the 
liquid form on the inside of the bell-jar, just as the aqueous vapour in our breath 
condenses on a cold window pane. 2. Transpiration can be very strikingly 
demonstrated by the change in colour of cobalt paper ; filter-paper soaked in a 
solution of cobalt-chloride has when completely dried a blue colour which changes 
to red on the presence of water. If a small piece of this cobalt paper is laid on 
a leaf and protected from tlie dampness of the atmosphere by a slip of glass, the 
change in colour to red, that commences at once, indicates the transpiration ; 
conclusions as to the quantity of water given off may be drawn from the greater 
or less rapidity of the commencement and progress of the change in colour. 
3. Exact information on this point can only be obtained by weighing experiments. 
These show that the loss of water vapour by a plant is usually so great as to be 
recorded as a common balance without great difficulty in the course of a quarter of 
an hour, hfo general statement can be made as to the amount of transpiration 
from a unit area of transpiring surface, for this depends on many external factors, 
e.g. temperature, light, supply of water, etc., as well as on the structure of the 
plant. 

The process of transpiration takes place in this way. An 
epidermal cell exposed to the air will lose some of the imbibition 
water of its cell wall by evaporation ; this would go on until the 
cell wall was dried by the air if a reserve of water were not obtainable 
from within the cell. This is in fact obtained from the protoplasm, 
from which the cell wall, no longer fully saturated, withdraws imbibi- 
tion water, and the protoplasm in turn makes good its loss from 
the vacuole. The movement of the water affects the interior of 
the cell, and brings about a concentration of the cell sap. Thus the 
conditions are established for the cell to absorb water from an adjoin- 
ing cell which is not itself transpiring, and the loss of water is thus 
conducted from the superficial ceils where evaporation is taking place 
into the depths of the tissue. The amount of transpiration primarily 
depends on the permeability to water of the cell wall. If the cell 
wall is an ordinary cellulose membrane the amount of transpiration 
will be large; when the wall is covered with wax or cuticle or 
impregnated with cuticuiar substance, it gives off little water. Com- 
parative investigations on suitable objects, by means of cobalt paper, 
show how the transpiration diminishes with the increase in thickness 
of the cuticuiar layers until it ultimately becomes practically non- 
existent. Corky walls behave in the same way as cuticularised 
layers. In their outer covering of cork, cuticle, and wax, plants 
possess a protection from a too rapid loss of water. A pumpkin, with 
its thick cuticle and outer coating of w'ax, even after it has been 
separated from its parent plant for months, suffers no great loss of 
water, A potato or an apple is similarly protected by a thin layer 
of cork from loss of water by evaporation. The green organs of 
plants, on the other hand, which must be able to get rid of the 
surplus water in order to secure the concentration of the nutrient 
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salts and to reduce /tlieir tempo, raturCj make little use ol siieli pro. 
tective coverings. On the contrary, it has bccji suvii ip. that 

they are provided, besides the adaptatitiiiB to regnlafc traiispiraticni, 
with special contrivances for promoting <5vaporatioin lludr great surface 
extension may be speeiallyoBentionecl 

IVanspiration is not,. 'however, limited to the cells are directly 

in contact with the atmosphere ; an enormous riiiinl>er of internal cells 
can get rid of winter vapour when they abut on intereelliilar spaces. 
The airdilied intercellular spaces would clearly becuine after a short 
time completely saturated wdth water vapour were tf}i‘y completely 
closed. Gonimunicatio!!S exist, henvever, as we have seen, betweeii 
the atmosphere and the intercellular spaces, the most lia|H)rta!ii 
])eing the stomata (p. bl). The mpieons vapour cun est-upe. by these, 
and thus the condition <,>f saturatiott of the air in the intercellular 
spaces is not complete. The water vapour esi*u]u‘ng from the stomata 
is readily recognised by 'means of cobalt paper. If pieces of this are 
laid at the same time on the upper and lower surface of a leaf that 
has stomata only on the lower side, a change of coltmr will take place 
in the cobalt paper on this side, while no appreciable giving oil* of 
water wiin^e shown for the upper side. 

It is usual to distinguish stomatal and cuticufar ti’anspiration, and 
we may thus say that only the stomatal transpiration is of importance in 
the typical laud plant. In plants inhalnting damp localities the euti- 
cular transpiration becomes considerable, d’hough tin? openiiigs of the 
stomata are extremely small (the breadth of the peu’e being 0*()07 mm. 
and less) so that neither dust nor water can pass thr«>ugh timm into the 
plant, they are usually present in sudi enormous numbers and so suitably 
distributed that their united action compensates for their minuteness. 
When it is taken itito consideration that, as has shown, a medium- 
■ sized Cabbage leaf {BnwBim oleraem) is provide«l with about eleven 
million, and a Sunflower leaf with about thirteen million stomata, 
it is possible to estimate how greatly evaporation must be promoted 
by diftiision through these fine sievedike perforations of the epidermis 
and of the cufcieular membrane which allows practically no water to 
pass. _ Brown and Escombe have showm that the movement of 
diffusion through this perforated membrane is as rapid as if no cuticle 
were present. If this is correct the question presents itself, why 
the plant has constructed such a complicated apparatus in stead of 
allowing free transpiration from unprotected cells. The explanation 
lies in the fact that the stomata not merely facilitate transpiration, 
but can stop it ; they serve to begulate the transpiration, which 
a cuticle cannot do. The width of the pore of the stoma can l)e 
altered by changes in the guard celk When the pore is fully opened 
transpiration is maximal, and when it is completely closed transpira- 
tion sinks to zero. Since the opening and closing of the p«}re take 
place in accordance , with ■ the , needs of the plant, the stomata are 
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organs which react in a , wonderfully purposive fashion. Opening 
is caused by illumination and by a certain degree of humidity of 
the air ; on the other hand, darkness or dry air effect a closing 
of the pore. 

The movements of the guard cells are movements of irritability 
and are brought about by changes in turgescence. As a consequence 
of the peculiar thickening of the elastic cell walls of the guard ceils 
(p. 52), an increase of the turgor pressure intensifies the curvature 
of the cells and a diminution of turgor lessens the curvature. The 
former change leads to the opening of the pore and the latter to its 
being closed, as will be evident from Fig. 24-0 without further descrip- 
tion (cf. also Figs. 47-49). 

The stomata are mainly present on the leaves, which are thus to 
be regarded as organs of transpiration (and of assimilation, p. 249). 



Fig. 240. — Stoma of HeUehorus sp. in transverse section. The darker lines show the shape assumed 
by the guard cells when the stoma is open, the lighter lines when the stoma is closed. (After 
ScHWENDENEE.) The cavities of the guard, cells with the stoma closed are shaded, and are 
distinctly smaller than when the stoma is open. 

The amount of water evaporated from the leaf surfaces is surprising (^^). 
For instance, a strong Sunflower plant, of about the height of a 
man, evaporates in a warm day over a litre of water. It has been 
estimated that an acre of Cabbage plants will give off two million 
litres of water in four months, and an acre of Hops three to four 
millions. For a Birch tree with about 200,000 leaves and standing 
perfectly free, Von Hohnel estimated that 300-400 litres of water 
would be lost by evaporation on a hot dry day ; on an average the 
amount would be 60-70 litres. A hectare of Beech wood gives off on 
the average about 20,000 litres daily. It has been calculated that 
during the period of vegetation the Beech requires 75 litres and the 
Pine only 7 litres for every 100 grammes of leaf substance. For every 
gramme of dry, solid matter produced, 250-900 grammes of water 
are evaporated on the average. \ 

It is evident from tliese and similar experiments that more water is evaporated 
in a given time from some plants than from others. These variations are due to 
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differences in the area of the evaporating surfaces and to structural peculianties 
(the number and size of the stomata, imesence of a cuticle, cork, or hairy covering, 
etc ) But even in the same shoot transpiration is not always unilonti. I his is 

attrihutablo to tlie fact tha,t, both from internal 
I and external causes, not only the size of the 

openings of the stomata varies, but also that 
y-yi'fj.A transiuration, j ust as o v apoi-ati on from a surface 

water, is dependent upon external con- 
' ' ditions. ■ Heat, as well as the dryiiess a-nd 

' ' " ■ ■■■■ ■motion of the air, increases , transpiration ; lor 

. . pnreiy physical reasons.;' ■while light, for 
:■■ ■ physiological reasons, also promotesit :,'FrGm' 

^ ■ ^oth physical and physiological causes, .trail- ■ 

■ spiration is more vigorous during the: day thair 
■■ ■ ■ ■ ■ 'night. Plants like I riijmHens parviflora, 

Tr^y’ / Im droop on w^arin days, become fresh again at the 
f 1 ‘’I first approach of night. Information as to the 

I ^ condition of opening (^"’) of the stomata can he 

W obtained by the use of cobalt paper (of. p. 230) 

or by the method of infiltration. If the stomata 
^P®^b fluids such as petroleum, alcohol, etc. , 
easily penetrate and inject the wliole system 
of intercellular spaces ; the leaf thus becomes 
M translucent. If a strip of black paper is laid 

£ across a leaf the underlying stomata close. On 

^ - treatment with alcohol the appearance repre- 

Fia. 241.— A loaf of Lilac darkened iutlie sented in Fig. 241 is then obtained. The open 
middle while the ends were exposed to condition of the stomata may also be demon- 
. light. Only the iUamtoated stomata diffitaion. 

remain open and allow the absolute ,/ _ o 

aleoholto enter. (After Molisoh.) If a red leaf containing anthocyan with its 


'f . Exudation (^®) 

The discharge of water in a liquid state by direct exudation is 
' hot of so frequent occurrence a^ its loss by transpiration, but is found 
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under special conditions, viz. when the pl^^^nt is saturated with watei 
and the air is saturated with water vapour. Early in the moiiiing, 
after a warm, damp, but rainless night, drops of water may be 
observed on the tips and margins of the leaves of many of the plants 
of a meadow or garden. The drops gradually increase in size until 
fivwJUr -foil n.o'a.in rAuhiced bv Smaller drops. These are 


not dew-drops, although they are often mistaken tor th 
contrary, these drops of water exude from the leaves 
The drops disappear as the sun becomes higher and the 
and relatively drier, hut can be induced artificially if a § 
be placed over the plant, or the evaporation in any way 

The excretion of drops from the leaves 

can be brought about by artificially forcing 
water into cut shoots. X ■ ^ 

Tbe drops appear at the tips of the leaves ^ 

in Grasses, on th.e leaf- teeth of A-loJiciyiilln^ 


Pig. 242. — Exudation of drops of water 
from a leaf of Tropa&olwn uajus, 
(After Noll.) 
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the main physiological part in the process as in the case of the 
secretions of the nectaries, of the digestive glands of insectivorous 
plants (p. 258), and of the STIGMATIC fluid.- 

Bleeding*. — Exudation of water may often be observed after a 
plant has been wounded; it is regularly seen in trees and shrubs 

when cut in the spring, and is especially 

I well marked in the Vine. In shrubs cut 

off a short distance above the ground, the 
extrusion of water from the wound is 
readily demonstrated. In this weeping 
or bleeding of wounds the water comes 
from the vessels and tracheides, and is 
pressed out with considerable force (root 
pressure). 

If a long glass tube be ])laced on the root- 
stump and tightly fastened by rubber tubing, 
Q II" 1 A exuded fluid will be forced up the glass tube 

: to a considerable height. How great the force of 

I '1 Jlr pressure is may be shown by attaching to 

I ‘ stump a manometer (Fig. 243), The column 

I mercury will in some cases be forced to a 

I height of 50 or 60, and under favourable con- 

. ■ ditions to 140 cm. or more (in the Birch). These 

^ ^ ■ pressures would be sufficient to raise a column of 

' water 6,'' 8, and 18 metres high. . The amount of 
iiiiilM lI' . ■■ water ■ extruded is greater when the soil is kept 

moist and warm ; it continues under such con- 
ditions, according to the kind of plant and its 
stage of develoj)ment, some days or even months. 
Pxo. 243. — Vigorous exudation of The water may amount to many litres: up to 

water as the result of root-pres- ^ litre per day in the Vine, 5 litres in the Birch, 

sure from a cut stem of Dahlia. j irtie: • -di t + 

The smoothly-out Stem ste joined 10-16 litres in _ Palms. In parts of plants 
to the glass tube g by means that continue bleeding tor some time a certain 
of the rubber tubing c. The water periodicity in the amount is noticeable ; moi'e is 
W, absorbed by the roots from extruded by night than by day. 
the soil, IS pumped out of the . The outflowing sap often contains, in addition 

sufficient to overcome the resist- ^0 mineral salts, considerable quantities of organic 
ance of the column of mercury Q. substances . (dissolved albuminous matter, as- 
(After Noll.) paragin, acids, and especially carbohydrates). 

The amount of saccharine matter in the sap of 
some plants is so great that sugar may be profitably derived from it. The sap of 
the North American sugar maple, for example, contains J per cent of sugar, and a 
single tree will yield 2-3 kilos. 'Jhe sap of certain plants is also fermented and 
used as an intoxicating drink (birch wine, palm wine, pulque, a Mexican beverage 
made from the sap of Agave, etc.).' One inflorescence of Agave will yield 1000 
litres of sap in from four to five months. 

Causes of the Excretion of 'Water — The excretion of drops of water from 
intact plants is in part due to ah active excretion of water from superficial cells, 
lu other cases water is forced into the vessels, and finds a way out at the points of 
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least resistance (p. 1 14). In the phenomenon of bleeding, also, water is forced from 
parenchymatous cells into the cavities of the vessels ; although this talces 

p>lacc especially often in roots, it is not always absent in the cases of stems and 
leaves. 

Thus, when fully analysed, all the phenomena described show a one-sided 
excretion of fluid from living cells. That this does not always result from the 
same cause is indicated by what was stated above, since the fluid is sometimes 
nearly pure water, at other times more or less concentrated sap, 

1. The conceptions which have been formed regarding the one-sided excretion 
of pure water from a cell cannot readily be summarised here. 

2. When the excreted fluid contains dissolved substances in considerable 
quantity, for example in nectaries, two possibilities jjresent themselves. Either 
these substances come from within the cell and the protoplasm must have become 
permeable in one direction to them ; or they have been formed from the outer 
layers of the wall and withdrawn water from the cell sap osmotically. It appears 
that both possibilities are realised. 


Conduction of Water 

The water, which is partly given off in the form of vapour, 
especially from the leaves, and in part exudes in the liquid form from 
hydathodes and wounds, has, as a rule, been absorbed by the roots. 
It has thus to traverse a path which, even in annual plants, may 
amount to some metres, and in the giants of the vegetable kingdom 
may be more than 100 m. ; the stems of Eucalyptus amygdalina 
are 100 m., those of Sequoia gigantea 95 m. in height. Osmotic 
passage from cell to cell would bring about the movement of this 
water' far too slowly to cover the loss. The movement of water for 
this purpose, or, as it is called, the transpiration stream, is prac- 
tically confined to the woody portion of the vascular bundles, e.g. the 
wood of trees. This is shown by a classical experiment repre- 
sented in Fig. 244. At Z in the branch h all the tissues external 
to the slender column of wood have been removed. Since the leaves 
of this branch remain as fresh as those of the branch c, it is evident 
that the transpiration current must pass through the wood and not 
through the cortical tissues. On the other hand, when a short length 
of the wood is removed from a stem without at tho'^ame time unduly 
destroying the continuity of the bark, the leaves above the 'point of 
removal will droop as quickly as in a twig cut off from the stem. 
This experiment can be performed either on intact plants or on cut- 
off branches placed in water; the latter for a time, until changes 
have taken place at the cut surface, absorb water as actively as. 
does the intact plant by its roots. When a branch is cut off and the 
cut surface is placed in a solution of gelatine, which penetrates for 
some distance into the vessels and can ..then be allowed to solidify, 
the wood will be found to have lost its power of conducting water. 
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This shows that the cavities of the vessels are essential for w'ater 
conduction. In the. living plant, however, the vessels and tracheides 
always contain air in addition to water, at least when trans plication 
is active. 


In water })]ants and succulents, in wbicli little or no transpiration takes place, 
the xylem is correspondingly feebly developed. On the otlier hand, the transpiring 

leaf-blades have an extraordinarily rich 
? snpjdy of vascular bundles ; these anasto- 

inose freely, so that any particular point 
is sure to obtain sufhcient water. The 
^26) gives some idea of 
thisirrigationsystemof aleaf'blade, but, 
since the hnest bundles are only visible 
microscope and are 
^ not represented, the system is even more 
® ^ complex. The conducting tracts in the 

If ’ leading to the leaves form, especi- 

ir which grow in thickness, a 

^ 111 wonderfully elTectivo conducting system, 

V ' All tlie wood of a thickened stem does 

P^^^Tose ; water conduction 
is limited to the more recently developed 
annual rings. When a heart*: wood (p. 
|1 158) is formed this takes absolutely no 

!|| ^ part in the process. 

1 1 There is still uncertainty as to 

^|||L the forces which give rise to the 

^ transpiration stream. It is natural 

tliiuk of a pi'essure acting from 
below, or a suction from above, 
and to regard the former as due to 
Fio. 244. -Hales’ experiment to show the ascent poot-preSSUre, the latter to the pro- 
of the sap in the wood. Although the cortex r j * j.' mt ^ 

has been entirely removed , at 2^, and the, w'ood transpiration. Ixiere are, 

alone left, the leaves , of the branch 6 remain however, a number of reaSOIlS 
as fresh as those on the, uninjured branch c ; jjQpmhino* thp mnvpmonh nf 

a:, vessel containing water. Facsimile of the ascriPmg the movomcnt Ol 

„ * illustration in Hales’ FegeiatJe iSiaHc?, 1727. the Water tO rOOt-prCSSUre, and 

whether the suction force exerted 
by transpiration is sufficient to continuously raise water to the summit 
of a high tree appears doubtful. No generally accepted solution of 
the much -discussed problem of the ascent of water has yet been 
attained. ' . , ' , 


The following pointy have to' be coussidered as regards the root-pressure. In 
many plants the root-pressure actually observed is very slight or absent. Even 
in plants with a powerful root-pressure the amount of water thus supplied in a 
given time is considerably lass than that lost in transpiration. With somewhat 
more active "transpiration, therefore, the root- pressure is not manifested in the 
way described above. 


When "an actively transpiring plant is cut across above tlu 
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root, no water is at first forced from tlie stools but, on tbe other hand, if water is 
surmlied to it the cut surface absorbs it greedily (iiegatiye pressure). Only after 
it is fully saturated docs the forcing-out of water commence. In nature root- pressure 
thus only comes into play when transpiration is greatly lessened, tor instance at 
ni-ht wlien the air is damp and cool. The most favourable conditions for tins 
pirenoineiion occur in spring when, on the one hand, the wood is richest in water, 
and, on the other, tbe transpiring foliage is not fully developed. On wounding 
the xylem the sap then oozes in drops out of the vessels and traoheides. A positive 
root-pressure in trees with foliage appears only to occur in tropical forests. 

That transpiration induces a suction from cell to cell has been pointed out 
above, and it is clear that this suction will be continued from the parenchymatous 
cells into the vessels. This suction force can be readily demonstrated. 

A cut .shoot placed with its lower end in water shows by remaining fresh that 
it is able to raise the water to its uppermost twigs. This does not fully exhibit tlie 
amount of suction force wdiich the shoot can exert, for if the latter is connected with 
a long tube filled with water it can support a water column of 2 metres or more in 
height. If the end of the tube is dipped into mercury even this heavy fluid will 
be lifted to a considerable height. Strong and otherwise uninjured branches of 
Conifers are able to raise the mercury to the height of the barometric column, and 
even higber, without showing signs of wilting. The connection between the end 
of the shoot and the glass tube must of course be air-tight. Necessary conditions 
for such a suction are on the one hand an air-tight closing of the water-conducting 
tracts such as is actually found in the plant, and on the other hand a considerable 
cohesive power of the fluid to be raised, which is also found to exist in practice. 
The conception is thus reached of a pull exerted by transpiration being conducted, 
owing to the cohesion of the water, to the tips of the roots of a plant. Very 
considerable traction forces have been demonstrated in the conducting tracts of 
transpiring plants as is assumed by the cohesion thkoby (^^). This theory is, 
however not yet proved. To transmit the suction downwards, the vessels would 
require to be continuously filled with watet, while, in practice, columns formed 
alternately of air and water are found. When a pull took place the air bubbles 
would expand, and in practice air under diminished pressure is found in the 
vessels of actively-transpiring branches. When such vessels are cut across under 
mercury, this is forced for a considerable distance into the cut vessels by the 
force of atmospheric pressure. The supporters of the cohesion theory therefore 
assume that other tracts completely filled with water are present, and that those 
containing air merely serve as a magazine of water. It is not out of the question 
that the living elements always present in the neighbourhood of the vessels and 
tracheides may play a part in the raising of the water. 


,4. (b) The Nutrient Salts 

The nutrient salts which are absorbed by a plant are almost all 
met with in the ash; only the compounds of nitrogen are wanting 
Thus the following table of the nature of the ash of a number of 
cultivated plants affords some insight into , the amount and the dis- 
tribution of the nutrient salts. 

It is seen from this table that the ash - constituents are very 
' generally distributed but occur in varying proportions in different 
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plants and different parts of the same plant. The difference brought 
out by tlie table in the proportions of the more important phos- 
p!)oric acid and of the less essential silica and lime contained in 
Eye and Pea seeds, as compared with the amounts of the same 
substances in the straw, is worthy of notice. The Potato contains 
much K./3 and little .CaO, while the wood of Spruce shows the 
opposite condition. 


100 parts of ash contain 


Ash in 
100 jjarts of 
dry solid 
matter. 


Rye Ci?rain) . . 
Rye (straw) . . 

Pea (seeds) , . 
Pea (straw) . . 
Potato (tubers) . 
Grape (fruit). , 
ToVtaeeo (leaves) 
Cotton (fj bras) . 
Spruce (wood) . 


In the preceding table the figures do not express absolutely constant proportions, 
as the percentage of the constituents of the ash of plants varies according to the 
character of the soil. 


The mineral substance^ which form the ash were'^at first regarded 
as accidental impurities of the organic substance of the plant. But 
every attempt to obtain a plant free from mineral substances shows 
that they form essential constituents. 

It was first asserted by Berthollet (1803), and afterwards 
emphasised by Karl Sprengel (1832), and later by Liebig, that the 
mineral salts contained in plants were essential constituents of plant 
food. Conclusive proof of this important fact was first obtained in 
1842 by the investigations of Wiegmakn and Polstoree. 

This conclusion can be reached by two methods, which at the 
same time show whether all or only certain of the substances in 
the ash are necessary. The first method is to cultivate the plant 
in an artificial soil composed of insoluble substances such as platinum, 
pure carbon, pure quartz, with which the substances to be investi- 
gated can be mixed. The second method, that of water culture, 
is more convenient. Many plants are able to develop their^ root-system 
in water instead of in the earth. It is thus possible to add to the 
water the elements found in the ash in various combinations, and so 
to ascertain which elements are necessary and which superfluous. As 
Fig, 245, /, shows, the plant (Buckwheat) succeeds well in such a 
food solution if of suitable composition; it can form roots, shoots, 
flowers, and fruits, and increase its dry weight a hundredfold or a 
thousandfold, just as if it were growing in the soil. In distilled 
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water, on tlie otber hand, while the plant Begins to grow normally, 
the gi*owth soon ceases entirely, and only a very dwarfed plant is 
produced. 

Culture solutions of various corupositiou are used Kxop’s solutiusj 

ooii|,-iins--~\v;dcr lODU, calviiun nitrate 1, magnesium sulphate 0‘2r>, acid potassiuns 
]diO’'i»!iate 0*25, potassium nitrate 0‘25, and 
a trace of fenic chloride. The solution of 
V. n. CuoNE, with almost completely insoluble 
compounds of pliosphoric acid and iron, appears 
in some eases to give hotter results (water 
1000, p(d.assium nitrate 1, potassium sulphate 
0*5, magnesium sulphate 0*5, tertiary potassium 
phospluite 0*25, ferrous phosphate 0*25). 

From sneh water cultures' it results 
that the typical land plant succeeds satis- 
factorily if supplied with the elements 
K, Ca, Mg, Fe, and H, 0, S, P, N, if 
in addition O and C (the latter as carbon 
dioxide) are available in the atmosphere. 

There ai’e thus in all ten elements 
which must be regarded as indispensable 
food -materials. Of these the seven 
which I'emain after excluding H, O, and 
0 concern us here, since the plant obtains 
them as nutrient salts from the soil or 
water. Six of these seven are found in 
the ash, while the nitrogen escapes on 
combustion in the form of volatile com- 
pounds. That these seven elements are 
completely indispensable is shown by 
the fact that if a single one is wanting 
its loss cannot be made good by an 
excess of the others, or by the presence 
of a related element. 


Fio. 245.-— Water cultures of Fagopyrum 
escukntum. J, In nutrient solution 
contfuning potassium ; II, in nutrient 
solution without potassium. Plants 
reduced to same scale. (After Nobbe.) 


Thus, for example, potassium cannot, as 
a rule, bo replaced by sodium, lithium, or 
rubidium. Lower organisms (Algae, Bacteria, 

Fungi) are able to do without Ca. The absence 
of a single necessary element is shown either 
by the feeble and dwarfed development of the 
plant (Fig. 245, //, absence of potassium) or by characteristic changes, in the plant. 
The best known of these is the effect of absence of iron, in which case the plant 
docs not become green (chlorosis). Injurious effects of poisoning are shown when 
calcium is lacking. 

More accurate consideration shows that it is not correct to speak 
of definite elements which are indispeilsable to tbe plant. Just as a 
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luetuoa oi water culture Has not only shown the necessity for 
certain salts, but also that many substances, especially sodium, chlorine 
and silicon, which the plant usually absorbs can be done without. 

Even in halophytes, in which it is present in greatest quantity, sodium is not 
iiKhspensahlo. These plants live in soils rich in sodium chloride not because this 
substance is necessary to them but because they bear it better than other plants 
do. The concurrence of these in such localities is tlius prevented. The character- 
istic succulent construction of halophytes (Fig. 19.5) is more or less completely lost 
in the absence of common salt.. Sodium appears to be indispensable to the Diatoms 
and some Seaweeds 

Silicon is not indispensable to Equisetum and Grasses which contain considerable 
quantities of SiOj ; on the other hand, it is requisite to the Diatoms, the cell walls 
of which are almost entirely composed of silicic acid, and owe their permanence 
to this. The cell walls of Diatoms form considerable geological deposits of siliceous 
wth or kieselguhr. Aluminium (2‘), while generally distributed in small quantities ^ 
IS only absorbed in considerable amounfby a few plants (e.p. species otLycopodmm) • 
whether useful or indispensable to these is not established. On the other hand 
although scarcely a trace of iodine can he detected by an analysis of sea- water’ 
It IS found nevertheless, in large quantities in seaweeds, so ninoh so that at one 
time they formed the principal source of our supplies of this substance. Whether 
it IS essential to these plants is not known. 

i-n r whi«b, .as culture experiments show, are not indispensable for 

the life of the plant are, however, of use in so far as they can replace for some 
purposes (such M the neutralisation of free acids, etc.) essential elements of plant 
00 The latter are thus available for the special purposes for which they 
we indispensable Thus K can be partially replaced by Na, and Mg by Ca. 
Certain otlier snhsfanoes, although not indispensable, are of use in the plant 
economy and of advantage , to growth.. For example, Buckwheat flourishes 
better when supplied with a chloride, and the presenee of silica is advantageous 
as contributing to the rigrdity of the tissues: It has also been found thaf the 

LTorof otr K? which are not of direct use may inhibit the poisonous 

action of other substances some of which are necessary. ^ 

Absorption of Nu|rW Salts.-Tiie nutrient salts can only be 
absorbed by the superficial cells of the plant when in solution The 

ITob tL V ^ « ^1‘at way the dissolved substances 

roach the tacuole through the cell wall and the protoplasm It was 

seen in connection with plasmolysis (p. 226) that the protoplasm is 
semi-peimeablo, i.e. permeable to water but not to dissolved .siiLf.cnpoc 
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If tile piTitDpliHm were really quite impermeable to tlie that 
lmv(‘ Ik.m‘ 11 eu!i,sii!erad aliove, not even traces of them conhl tmter the 
eel! I'jivity. Pi'aiiically, however, the impermeability of the pnaoplasni 
is I'ierliiips nut. abMilutc h>r any siibstaiiee ; there are all grades, from 
.subr^taiieiK that pass through the protoplasm as easily as water, to 
those that are almost iueapable of passing through it Alcohol, etlier, 
tliloral hydrate, numerous organic pigments, and, lastly, very dilute 
adds and alkalies, dilFiisc with spedal rapidity. 

Tile peniieability of the protoplasm Is not always the same, and 
may be regulatcil according to the rerpiiremcnts of the cell The 
salts of alkaliics, for example, determine an increasing irnpernieabilitv 
as regards themselves, and the salts of the alkaline earths can also 
diminisl] penm-ability for the alkaline salts. Tlie absorption or not of 
n sulistance is determined iu>t by the whole proto|)lasm but hr its 
external limiting layer. In the further passage of the substance, from 
the protoplasm into the cel! sap, the wall of the vacuole exercises a 
similar jiowtu' of selection. The cause of the sklkctivk POWICH, by 
reason <jf whicdi dilferent ctdls can appropriate quite distinct con- 
stituents or substances in different amoinits from the same soil, is to 
be sought in this most ira|.)ortarit property of the limiting layers of the 
protoplasm. 

From the sanu.* soil one plant will take up cliieily silica, another lime, a third 
eommoii salt. The action of Seaweeds in this respect is especially instructive ; 
living in a iiiediuin containing some a per cent of common salt and poor in 
potassium salts, their cells, nevertheless, absorb relatively little common salt, but 
acoumnlate ]totassiiim salts. 

Every substance to which the limiting layers of the protoplasm 
are permeable must ultimately reach the same concentration in the 
vacuole as in tlie solution outside the cell when its absorption wouhl 
cease. Practically it often enters in much greater amount than this. 
Thus, for example, only a trace of iodine is present in sea- water, 
but may be accumulated in such quantities in seaweeds for these to 
become a source from which it is commercially obtained. The cell 
has not only a selective power, but is also able to store up materials 
])y converting them into insoluble or indiffusible forms. 

OfU'tain organic pigmentH ,{^) such as methylene bhie are especially suited to 
dcniuristrate the entrance and accumulation. Many cells contain tannins in their 
vacuoles, and these substances form with the entering pigment a compound which 
is indUrusible or quite insoluble. For this reason the vacuole becomes deeqdy 
coloured or has blue precipitates, though the solution of methylene blue employed 
is extremely dilute. It is noteworthy that the protoplasm itself remains un- 
staint.‘d and is not in any way injured ; the pigment would be accumulated in 
dead proto[dasm. 

Under iiatural conditions some plants absorb the nutrient salts 
from water as do the plants in a water-culture experiment. This is 




242 


botany 


PAllT I 


IS 


the case in many ^vater plants in which the whole external surface i 
S useTri absorption. Since the salts only exist m very dilute solution 
t he water, the need of an extended surface for this purpose is 
midilv unde stood; this in part explains the frequent occurrence of 
fi Sv divided leaves in water plants. The salts dissolved in the water 
arc not however, sufficient for all aquatic plants; maty _ absorb 
substances from the soil underlying the water by means of tneir roots, 
and do not succeed when deprived of roots. , , , , ,, 

As a rule in the higher plants the salts are abyrbed from the soil. 
The salts contained in the nutrient solution descnbwl above, or similar 
compounds, are constantly present in the water of the soil ; some of 
them, however, in such small amotint as only to suffice for the growth 
of plants for a short period. Other sources of supply of the food-sa ts 
must exist when such growth continues. In fact, the amount of salts 
dissolved in the soil-water is no measure of the fertility of the soil.. 
The soil always contains food-salts, partly in an absorbed condition, 
and .partly in mineral form which the plant has to render accessible. 
This is effected mainly by the excretion of carbonic acid from the root- 
hairs. Many substances are much more readily soluble in water con- 
taining carbonic acid than in pure water. 

The solution .of solid rook by the plant may most readily be shown by allowing 
the roots to grow against smooth polished slabs of marble ; the course of the roots 

is indicated by the etching of the surface. 

There are other cases in which stronger acids than carbonic acid excreted by 
the plant are concerned in bringing minerals into a soluble form. This can Imr y 
be doubted when felspar and mica are. dissolved by certain bichens ( ).^ Fungi 
and Bacteria also frequently produce and excrete solvents of this kind during their 
metabolism, and may have a similar effect on insoluble substances m the soil. 

Some soils, especially those containing much clay, lime, or humus, have the 
property of retaining potassium and ammonium salts, and in less degree salts of 
calcium and magnesium, as well as phosphates ; these substances are not easily 
washed out of the soil hut can be obtained by plants. This is spoken of "the 
power of absorption of the soil for the substances in question. This does not hold 
for all salts ; thus, for instance, sulphates and nitrates are not absorbed. Absorp- 
tion is completely wanting in a pure sandy soil. 

When the suhstratiim contains, in addition to water and nutrient 
salts, dissolved organic substances, these may he absorbed in the same 
wav’ Water cultures show, however, that ^ least the typical green 
plant is not dependent on such substances. It is otherwise with the 
Fungi and other plants which resemble them in metabolism (p. 255).';^ 

In addition to water and nutrient salts dissolved gases may also be 
. absorbed by the roots. As a rule only oxygen need be considered. 
The main source from which gases are absorbed is the atmosphere. 

Transport of the Nutrient Salts.— The salts do not remain in 

the epidermal cells of: the foot ^pr shoot but pass from the place of 

' nnu':.. tWO WAj S, : 
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by iiiKFPvSioN will by eoNolTCTioN, Necessary eoniliticms for d illusion 
are that the cell wjill imd protoplasm shoiiid be permeable lor the 
;«ulisfafu‘f‘ ill iuiij ami that tliere shonld be a difference in its 
eoiiiaiuratioii betwcHUi the starting place and termimitiofi. In the 
traiispoi'l from one vacuole to that of the neighbouring cell the 
substances must flrsl' pass into the protoplasm, then into the cell 
wall, tiimi again into the protoplasm, and finally into the vaciicde. 
The cell •grails, at all events when thick, appear to offer special 
dilliculty in the process. On this account all thickened cell walls 
are firovided with thin places (pits), and the pit membranes are 
lra\'ersed by fine protoplasmic threads ( plasm odesms, p. 44). In 
the sieve -tubes the })it membrane is absorbed, and thus coarser 
strands of protoplasm eomiect the one cell with its neighbour. The 
investigations of Bkown and EscoMim have shown that a fimdy per- 
forated septum, if the perforations are a certain distance apart, offers 
no obstacle to diffusion 

Movements of diffusion may also take place within a cell if dissolved 
substances are not at tbe same concentration throughout the cell. 
Movements of diffusion proceed quite slowly. The rapidity with 
which mixing occurs may be greatly hastened if a movement in 
mass be added to that due to diffusion. In common life and in the 
laboratory this is effected by shaking the solution, and within a cell 
the same result may be obtained, e.g. by the protoplasmic movements. 
The greater the length of a cell tbe more suitfible is it for conducting 
material "through the plant, since the slow diffusion movement need 
only take place at long intervals, ie. at the ends of the cell ; in the 
intermediate portion movements of mixing play a large part. 

When a plant requires more rapid transport of materials the 
nutrient salts are conveyed in the plant by the transpiration current. 
It is thus not merely water but a very dilute food-solution that is 
conducted by the vascular bundles, and the use of transpiration is, in 
the first place, to Concentrate this nutrient solution and, in the second, 
to bring it quickly to the proper parts of the plant. Apart from this 
result it would be difficult to understand the process of transpiration, 
and the plant ^vould certainly have found means of limiting it. When 
it is actually checked (cf. p. 168 ), we have to do with plants which 
grow slowlj^ on account of the poor supply of salts, and also it is tine 
of carbonic acid. 

Nutrient Salts and Agriculture. — Since the plant thus continues 
to absorb nutrient salts from the soil, this must become pooi-ei' in the 
particular substances unless the loss is repaired in some way. In 
nature this results from the fallen and dead parts of plants returning 
to the soil, and the salts contained in them becoming avaihdilc for 
further life. In agricultural practice, however, a large proportion of 
the vegetation is removed in the crop, and the salts it contains arc 
thus lost to the ground ; at the most a fnaotion may be rfsturned to 
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the soil in the dung of grazing animals. I he effect of manure in 
increashio- o-rowth, which has for ages been known to practical men, 
denends atleast in part on the salts contained in it. Since, however, 
the ■xmOTiit of salts thu.s returned to the soil is insufScient to meet the 
I 0 S.S ^ artificial manuring i.s required in agricultural practice (^o). The 
first place among manures must be given to'those which contain 
nitro4n, potassium, and phosphoric acid. Nitrogenous substances 
which are used besides guano (which also contains phosphoric acid) 
are Chili saltpetre, ammonium sulphate, calcium cyanamido, and 
calcium nitrate ; the two last have recently been artificially prepared 
from atmo.spheric nitrogen. Potassium is present in the Stassfurt 
waste salts, of which kainite is the most important since it also 
contains ilgSOj. As an important source of phosphorus, the so-called 
Thomas slag may be mentioned ; this substance is formed in working- 
ores containing phosphorus, and consists of triple phosphate of calcium. 
It can only be utilised by plants when in a state of very fine sub- 
division, as what is known as “ Thomas-meal.” Superphosphate is 
obtained by the treatment of potassium phosphate with sulphuric acid. 

The Soil and Plant Geography. — From what has been said it 
mi°-ht be concluded that a soil capable of supporting one kind of plant 
must be able to support any other species. Plant geogi-aphy 
however, shows that the composition of the soil exerts a great influence 
on the distribution of plants. This depends, on the one hand, on the 
fact that different plants make different demands on the amount and 
solubility of the essential food-materials, and, on the othei, upon the 
presence” in the soil of substances other than the indispensable salts ; 
the influence of these non-essential substances is different upon different 
species of plants. For example, CaCog has a poisonous effect on some 
plants, cand NaCl upon others, while other plants can endure large 
doses of these substances. 

Tlie effect of the soil upon the distribution of plants does not depend merely 
upon its chemical nature. The physical properties of soils play an important r61e. 
Further, a plant may bo absent from a locality, which, .so far as the nature of the 
.soil is ooueerned, would be suitable, because Us seeds have never been brougbt to 
the spot. 

(e) Gases 

While water and salts are, as has been seen, as a rule absorbed from 
the soil, the air contains substances which are necessary to the success- 
ful existence of the plant, and must be termed food-materials. These 
are carbon dioxide and oxygen. They are, as a rule, obtained from 
the atmosphere. Only submerged water plants obtain them from the 
water, in which case they are absorbed in the same way as other 
dissolved substances. 

Oxygen. — When a plant is deprived of oxygen, all vital manifesta- 
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tii'iiis usually cease. Since oxygen is also essentia! to tlie liuirian 
ia-yvuu'sia. this fact *]oes not seem surprising (ct p. STM). 

Carbon Dioxide. — It appears at first sight .much less selhevideut 
ihal carl-jon dioxide should he indispensable to tlie plajit, and vet 
this is tlic case. While no source of carbon is oifeied to the plant 
in water culture, it grows in the food-solution, and accumulates 
eai'bon in the organic compounds of which it consists : the onlj' 
possible conclusion is that the plant has utilised the carbon dioxide of 
the atmosphere. Carbon dioxide is present in ordinary air in the pro- 
portion of 0*03 per cent. If such air is passed over a green plant 
exposed to bright light, it can be show!i that the carbon dioxide 
diminishes in amount or di,sappears. Colourless partvS of the plant, or 
organisms like the fungi which are not green, l)ehave dilierently ; they 
absorb no carbon dioxide. If a green plant is placed in a I)elbjar and 
supplied with air freed from carbon dioxide, its growtii soon stops, and 
increase in dry weight ceases completely. Carbon dioxide is thus an 
indispensable food-material, ami is evidently the source fi’om which the 
plant obtains its carbon. The small proportion of this gas present in 
the atmosphere is quite sufficient for the nutrition of plants (p. 251). 
A supply of organic compounds of carbon in the soil or culture solution 
does not enalile a plant to dispense with the carlxm dioxide of the air ; 
in any case CO., is the best source of carbon for the green plant which 
we are at present considering. Neither is it sufficient to supply such 
a plant with carlionic acid in the soil or culture solution ; it requires 
to be supplied directly to the leaves. 

Other Gases. — Oxygen and carbon dioxide are the only gases 
which are necessary to the plant. For most plants the nitrogen of 
the atmosphere is of no use (cL p. 259). 

Absorption of Gases. — Carbon dioxide and oxygen in part enter 
the epidermal cells, and partly pass by way of the stomata into the 
intercellular spaces, from, wliich they reach the more internal tissues. 

There are no air-filled canals or spaces iu the cell wall or the 
protoplasm through which gases could diffuse into the cell. Thus 
absorption of gases is only possible iu so far as they are soluble in 
the water permeating the protoplasm and wall. The gases beliave 
like other, dissolved substances and diffuse into the cell. They 
diffuse through cell walls more easily the richer in water these are. 
The ordi,nary cell wall, when in a dry condition, hardly allows gases 
to diffuse through it (-^) ; in nature, ho'wever, the cell wall is always 
more or less saturated with water. The cuticle, on the other hand, has 
very little power of imbibiiig water, and places considerable difficulty 
in the way of any diosmotic passage of gases ; it is not, howevei', com- 
pletely impermeable. 

Tiie gaseous diffusion takes place rather through the substances 
with which the cell wall is impregnated than through the substance 
of the wall itself. * Since carbon dioxide is much moi'e readily 
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soliil}le ill water than is oxjgen, it will be esiderit- that it, will 
]iass more rapidl}^ through a cell wall saturated with water than 
oxygen will In all probability this holds for the cuticle as well. 
Since,. lioweTerj.. the partial' pressure of the oxygen in the' air' .is' 
relatively considerable, while that of carbon dioxi«le is very slight, 
oxygen can pass in sufficient qnantit}' through the cuticle, but carbon 
dioxide eainiot ; on this account we find that all organs wliich only 
ret[nire to a,l>sorb oxygen are unprovided with, stomata, while organs 
which absorb carbon dioxide always have stomata. 
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In the soil as well as in the air, plants, a, s a rule, ilnd so much oxygen that this 
gas is able to pass tlirough the epidermis. Organs tvliich live in swampy soil 

whicli is poor in oxygon forin an exception to this. 
In marsh plants, which stand partly in the air, the 
1 arge i ntercell ular spaces form connecting canals 
through which the atmospheric oxygen without 
being completely used up can reach the organs grow- 
iiig deep in the swampy soil and cut off from other 
supplies of oxygen. In some cases (especially in 
Palms and Mangroves) the need of a supply of oxygen 
to such roots is met by specialised roots (pneumato- 
FiiOJiEs) whicli project vertically from the muddy 
soil (Bhg. 188), and absorb oxygen from the air. 

The efficiency of the stomata in gaseous exchange 
\xaries with thc^^ w to 
. ''t \vhiGh ■tIieq)0'res;/are)ope^^^^ 

The closure of the pores of 
the stomata, which may be 
bro ught about in maintain- 
ing a , sufficient supply of 
■water, not only arrests 
transpiration, but also pre- 
vents the entrance of 00^ 
into the plant. 

It has been seen in considering the giving off of w*a.ter vapour that the stomata 
in spite of their small size facilitate diffusion on account of their enormous 
numbers and their distribution. Tliis also applies to the absorption of carbon 
dioxide. Thus, for example, a square metre of the surface of a Catalpa leaf absorbs 
about twm-thirds tlic amount of carbonic acid gas taken up in an equal time by tlie 
same area of potash solution freely exposed to the air. 

Tile Movement of Gases from cell to ceil and their interchange 
between the cells and the intercellular spaces takes place by diffusion. 
In the intercellular spaces movements in mass due to pressure are 
concerned. Unequal pressure Is set up by the warming or cooling 
of the air in the intercellular spaces, or by movement of the part of 
the plant loading to changes of shape. The intercellular spaces form 
a liighly-liranched system of cavities communicating with one another 
and with the atmosphere. The communication with the outside is 
effected in the first instance by the stomata, and’ also by the lenticels 



Fin. 246. — Diagram of an experiment to (lernonstrate tiie 
mo\'eineufc of aiv tlirough the stomata. 
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ajnl (if .similar function (p. I>9) ; botli diiriidou and iiiovo 

n!«‘jiis iif of the go on through these openings. 

TIkiI tlu) Iht-iHfeUiilar spsiees ^ve^e. in direct coiimuiiiieatioii witii eacli other, anti 
alsu with tlo.i outer alniosplotrc, was rendored lugldy probable from anatomical 
io'. .‘-ligatiois, ;ind has been vely dcnitmMvaicd by physiological experiment. 

It, is, ill fuutj possible to show that air forced by moderate pressure into the inter- 
LMdlnlar ]♦.issagi‘s makes its escape through the stomata and leulicels ; uud cou- 
vcrsely, air which CHuld cuter only through the stomata aud leiiticels can bo drawn 
mil of the lutei'cellulir passages. The method of tamductiiig this e\p« iluieut can 
1 j.‘ seen from the adjoiiiiug figure (Fig. 210], The leabstalk of an iiniujured leaf 
of i:s introduced into a glass cyliiider which has been filled with and 

iiu’erle?] in water. The hsif-blade is under <atmosphe.rie pressure ; the ‘pressure 
ut,i the ciit end of ilie petiole is jess than tliis by a few centimetres of water. This 
ditfercnce is, liowcver, sunicient to maintain an active current of air from tlie out 
pel;i«ilc. That this air enters by tlie stomata is shown by the stream ceasing when 
tiic upper snriacc ol* the leaf is submerged and the stomata thus cut off from the air. 

Iuter<.!eliular air-spaces are extensively developed in water and marsli plants 
(of, p. 1G5}, and iiiav form two-thirds of their volume. The submerged portions 
of waiter plants unprovided with stomata thus secure a special iuteriial atino* 
sjhero of tluur own, witli which their cells maintain uu active interchange of 
gases. This internal atmosphere is in turn replenished by slow diffusion with the 
ga,sr‘s of the surroumiing medium. , As regards the rest of tlieir gaseous intercdiange, 
these plants are wholly dependent on processes of diffusion, since stomata, etc., are 
wanting. Plants wliieh possess ' these organa may also obtain gases by diosmoais 
if the cuticle of their epidermis is permeable to gases. 

III. The Assimilation of the Food«-MateriaIs 

The |>Uint grows and contiiuies to form new organs ; for these 
purposes it contiiniallj requires fresh supplies of food-materials. The 
materials of the food hecopie changed after their absorption, and the 
substance of the plant is built up from them. They are said to have 
been asslmilated. By assimilation is understood the transformation 
of a food-material into the substance of the plant. Those pro- 
cesses of assimilation in which profound changes take place, e.f/. the 
change from inorganic to organic compounds, are especially interesting. 
This is particularly the case w'hen we are still unable to experimentally 
brifig about the reaction outside the organism. 

A. Assimilation of Carbon 

1, Assimilation of Carbon Dioxide in Green Plants 

The assimilation of carbon dioxide by a green plant is a process of 
the kiiid referred to in which organic substance containing carbon is 
derived from carbon dioxide. In the assimilation of carbon dioxide, 
soluble carbohydrates such as grape-sugar are formed in the chloro- 
plast under the influence of sunlight. If we assume that the carbonic 
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acid gas of tlie atmosphere (carbon dioxide, C()2) becomes on its solu- 


tion in tlic cell the formation of sugar would take place in two 

stages. In the iii’st, oxygen -would 
be given oliwand foiiiialdehyde , 

formed : 



; HgCO.-HaCO+'Og. 

In the second stage the aldelij’dc 
is polymerised to sugar : 


6H,CO: 




In any case, for every volume 
of carbon dioxide which disappears 
an equal volume of oxygen nadces 
its appearance. It luis been sliown 
by eudiometric measurements that 
this is tlie case (AViitLyiUETTKR). 
The oxygen gi\^en oft' can, how- 
ever, even ^yilen it is only detected 
qualitatiyel 3 ^, be used as an indi- 
cator of the decomposition of the 
carbonic acid. Thus, when a plant 
is enclosed along with phosphorus 
in a space free from oxygen and 


exposed to light, the formation 


of oxygen is shown by the white 
fumes given off from the plios- 
phorus. A.nother means of draw^- 


Fio. 247.~Evolutionofoxygen from assimilating big COnclusioilS aS tO the p)roductioU 


plants. In tlie glass cylinder 0 , tilled with 
water, are placed shoots of Elodea canadensis ; 
the fr(jshly*cut ends of the shoots are intro- 
duced into the test-tuhe R, which is also full 
of water. The gas bubbles B, rising from, the 
cut surfaces, collect at S. H, stand to sup- 
port the test -tube. (After N oll.) 


of oxygen by a green plant is 
afforded by the movements of 
certain Bacteria which previously 
lay: :’;niotionless,' 'In’ , 'the'' "'water, \(py 
.,3 31 The;, clearest demciristratiou: 
of assimilation is obtained by using 
certain water plants such as Elodea or Potamogeton. If cut shoots or 
leaves of these plants are submerged in water and exposed to light, a 
brisk continuous stream of bubbles comes from the cut surface. If the 
gas is collected in considerable quantity in a suitable apparatus, e.g. in 
a test-tube (Pig. 247), it can be shown to consist not of })ure oxygen 
but of a mixture of gases rich in oxygen ; a glowing splinter ].)Ui*sts 
into flame in the gas. 


The appearance of the bubbles of oxygen is explained in this way. The carlton 
dioxide dissolved in the water enters the green cells of the plant by diiriisi.oi and b 
there decomposed. ’ The oxygen gi veil off is much less soluble tlian carbon dioxide 
and therefore appears in the gaseous form. , It passes into the intercellular spaces, 
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causing there an increase of the x>ressure, and 

bubhles of gas at every wouinied surface. is the cause of tlie a].ixjearaiice of 


The fouiKlations of our l^nowled^e . . 


dioxide l>y the gTeen platit were laid, ^tssimilation of carbon 

and begimiiiig of the iiineteeiith eeuttf eighteenth 

IIOtTSS, SkNEBIEPv, and Th. V l^rtlESTLEY, Ingen- 

extnioirlinarjr sigiiificance, for THE discovery is of 

FEOBI GAEBON DIOXIDE BY THE OEEElsr ' OEG-ANIC MATERIAL 

EENDERS POSSIBLE THE LIFE OF PROCESS WHICH 

PARTICULAR OF ANIMALS UPON THE , ORGANISMS AND IN 

By means of the gas-hidible method . P- 

the statement made above that only th to bring proof of 

these only in light, are able to assimiU plants, and 

of bubbles from an EMm which CO^. Thus the stream 

window becomes slower as the biTsMy at a brightlydit 

of the rooxii, and ultimately ceases when middle 

^ Q £ b P intensity of the light is 
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Fig. 248.— Absoi’ption i^pectrum of chlorophyll accord* 

(R, G, otc.) art! indicated aljov(5 and the wave-lerhil^^ to Gw nn . « , 

shaded regions are those where the light is absorb^^;^ (b)0 ^^-400 below, The bkek and 

^ ^'’<^akenerl. 

Still such as to allow our' eyes to p . 

assimilation increases in proportion to^^r* certain limits 

Similar experiments may be carried- q intensity of the light, 
light. They show tliat all the methods^^ artificial sources of 

use may be effective in the assimilation illumination in common 
wave-length are by no means of equal n^e ^*^3' ^ different 

The ultra-red and ultra-violet rays luive ver ^ ^^^iuiilation. 
activity is almost entirely limited to the elFect, and the assimilatory 

to 0-8 M wliicih are perceived by our eyes. Wave-length from about 0*4 ^ 

length of about 0-68 p. lias undoubtedly the gre.^/^ ^hese limits light of a wave- 
at which the maximum absorption of ligJn effect ; this is the wave-length 

other regions of the spectrum also, according Xon^^^^'^Pliyll occurs (Fig. 248). *^In 

between the absoij)tioii of light •^nd dssiin.ilg,nQ|, there is a corz‘espondenco 

in blue and violet light is not so great as the the assimilation 

according to UiisniUxXG this depends on secondav®^^^^^*^^ would suggest; 

r, . 1 * 1 j. • * i. • ^ oauses. 

bmee sunlight is in nature an indisn 

tion it becomes at once clear why factor in CO^ assimila- 

foliage leaves, have a flat expanded organs of the jjlant, the 

h®' Their large surface fits 
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them to absorb the light. If their function of assimilation is 
to be well performed the foliage leaves must not only ha\a.j. a large 
surface but also be thin. Practically it appears that light whieli lias 
passed through one or two foliage leaves is unable to exert any further 
assimilatory "eftect. The leaves must, however, contain a. very huge 
number of chlorophyll grains. Their dark green colour shows that 
this is the case, and microscopical examination confirms this. Stems 
have far fewer chloroplasts than the leaves, and the roots and other 
subterranean organs have none at all. 

Every investigation shows that organs without chlorophyll are 
quite unable to assimilate carbon dioxide. This holds not only for 
the organs of the plant but for the parts of the cell. Tlie colourless 
protoplasm and the nucleus of the cell give off no oxygen when 
exposed to sunlight ; this can readily be pi'oved by the bacterial 
method (p. 248). The chloroplasts alone are the active organs in CO., 
assimilation, and only when they contain chlorophyll; etiolated or 
chlorotic chloroplasts are not functional. 

Ill the red-leaved varieties of green plants, sucli as the Purple Beech and Red 
Cabbage, chlorophyll is developed in the same manner as in the green x^arent 
species, but it is hidden from view by a red colouring matter in the epidermis or 
in deeper-lying cells. In the Red Algae, on the other hand, the cliromatophores 
themselves have a red colour ; after death a red pigment (phycoerythrin) becomes 
free, leaving the chloroplasts. green. Regarding the pigments in the Piiaeophyceae 
and the Diatomeae cf. p. 19. 

In studying the effect of different kinds of light upon assimilation, it is custom- 
ary either to use the separate colours of the solar spectrum, or to imitate them by 
means of coloured glass or coloured solutions. Schott and others have employed 
red and blue glasses or double-walled bell-jars filled with suitably-coloured 
solutions. . 

Only a relatively small percentage of the light wliich falls on the 
leaf and is absorbed is utilised in the assimilation of CO.^ That, 
however, light must disappear as such in COg assimilation is clear, for 
from what other source than the energy of light could the energy be 
obtained that is stored up in the organic substance formed in assimila- 
tion ? This potential energy of the organic substance of the plant 
serves to maintain the vital processes. The force exerted by our 
steam-engines is also to be traced to the assimilatory activity of the 
plants, the wood or the carbonised remains of which are burnt 
beneath its boiler. In the combustion of the reduced carbon com- 
pounds to carbon dioxide' the energy, which was previously I'equired 
to transform carbon dioxide into the combustible materials, again 
becomes free. 

The assimilatory activity of a chloroplast, like every vital function, 
is dependent on a number of . internal and external factors. To the 
internal factors belong the presence of the pigment chlorophyll and 
its situation in a living chloroplast. Chlorophyll itself, separated from 
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the pkiit^ is as little alile to deeoinjiose the carbon dioxide as is a 
cliloroplast which for <any reason has not deycloped the characteristic 
pigment {chloroplasts developed in the dark or in the absence of iron, 
leiicoplasts of subterraiieaii parts or of epidermal cells) or has lost it 
(chromoplasts). Since, how’-ever, assimilation is not proportional to the 
amount of chlorophyll, it is necessary to assume with Willstaetter 
that in addition to the pigment another factor is essential, whether 
this is the protoplasm of the chloroplast or an enzyme which it contains 
(p. 264). 

Among external factors sunlight as referred to above must be 
mentioned first, and next the presence of carbon dioxide. Since the 
latter is only present in small proportion in the air, the life of plants, 
and with this the existence of all organisms, would ultimately cease 
were not fresh supplies of carbon dioxide continuously produced. 
Estimating the amount of carbon dioxide in the atmosphere at 2100 
billion kilogrammes and the annual consumption by green land plants 
at 50-80 billion kg., the supply would be used up in some thirty 
years ('^^^'). 

The air is continually receiving new supplies of carbonic acid through the 
respiration and decomposition of organisms, through the combustion of wood and 
coal, and through volcanic activity. An adult will exhale daily about 900 grammes 
CO 2 (245 grammes C). The 1400 million human beings in the world would thus 
give back to the air 1200 million kilos of CO 2 (340 million kilos C). The CO 2 
discharged into the air from all the chimneys on the earth is an enormous amount. 
In Germany alone in 1911, besides 73 million tons of brown coal, 161 million 
tons of coal ^vore used ; the latter would produce some 400,000 million kg. of 
carbon dioxide, which is about 1/5000 of the total amount in the atmos^kere. 
Animals produce large amounts of carbon dioxide in respiration, as also do plants, 
including fungi and bacteria (especially the bacteria of the soil). 

The fixation of carbon dioxide by green plants and the production of carbon 
dioxide in the ways referred to are approximately equivalent. The amount of 
carbonic acid gas contained in the air varies at different times and places. It 
has been found that in 10,000 litres of air it was 2*7 to 2’9 litres in July, 3 *0-3 *6 
litres ’in the winter; close to the ground 12-13 litres were present in the same 
volume. The average amount is about 3|-34 litres in 10,000 litres of the 
atmosphere. This weighs about 7 grammes, of which is oxygen, and only 
carbon. Only 2 grammes of carbon are thus contained in the 10,000 litres of air. 
In order, therefore, for a single tree having a dry weight of 5000 kilos to acquire its 
2,500,000 grammes of carbon, it must deprive 12 million cubic metres of air of their 
carbonic acid. From the consideration of these figures, it is not strange that the 
discovery of Ingenhouss was unwillingly accepted, and afterwards rejected and 
forgotten. Liebig was the first in Germany to again call attention to this discovery, 
which to-day is accepted without question. The immensity of the numbers just 
cited are not so appalling when one considers that, in spite of the small percentage 
of carbonic acid in the atmosphere, the actual supply of this gas is estimated at 
^about 2100 billion kilos, in which are held 560 billion kilos of carbon. The 
whole carbon supply of the atmosphere is at the disposal of plants, since , the COg 
becomes uniformly distributed by constant diffusion. 

Submerged water plants absorb the CO 2 dissolved in water. Its amount varies 
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considerabl}^ accorJiug to tlie tempej’ature. At 1 o'" C. a lif iv. oi* wait-r contn ins abuiit 
as much GO. as a litre of atmosplieric air. The dissolved bi.ca,rl) 0 nates also [.lay 
an important part in the supply of carbon to aquatic [)laiits (”0. 

ArtiliuiaJly conducting carbonic acid through, the water increases, to a certain 
degree, the evoliition of oxygen, and the assimilatory a,ctivity. Similarly an 
artiticial increase of carbonic acid in the air is Ibllowed hy incrc:iscd a.ssiini]a,ti(,m. 
Wiietlicr and to wliat extent an artificial enriching of tlie air in GO. would he oi' 
advantage in horticulture or agriculture cannot he saiel (*"“}. 

The CO,, assimilation, like all vital processes, is dependent on the 
tempei'ature. It begins at a temperature a little above zero, reaches 
its maximum at about 37^" C., and again stops at about 4iV' C. 

These cardinal points not only have different positions in. dillereut plants but 
do not remain constant for any , particular plant. This is es[)ecially true of the 
o})timum which in the course of a fcAV hours may sink from 37'" C. to 30'" 0. In bright 
warm Aveather assimilation does not reach its full possible value since the su[i[)ly of 
carbon dioxide is then insufReient. 

Other loss important factors need not be considered in detail. It may be 
mentionefl, hoAvever, that many substances can bring a, bout a tem[)orary, or 
ultimately a permanent, limitation or arrest of the assimilatory process. 

Products of the Assimilation of Carbon Dioxide. — It was assumed 
above that sugar was formed from the carbon dioxide, and analysis 
ill fact shows that the amount of sugar in a foliage leaf is increased 
after exposure to sunlight. It is true that grape-sugar is neither 
always nor only shown to be present ; usually other more complex 
carbohydrates appear. These can all, however, be traced back to 
hexoses like grape-sugar, and arise by the union of two or more 
molecules of hexose and the loss of the elements of water. Prominent 
among them are cane-sugar , and starch The 

occurrence of starch in the chloroplasts of illumijiated foliage leaves is 
very common, but by no means general When the leaves are placed 
in darkness for some time the starch disappears. When on the other 
hand a part of the plant from which the starch has been removed is 
exposed to sunlight, new starch grains often form in the chloroplasts 
in a surprisingly short time (5 minutes) ; these soon increase in size 
and ultimately exceed in amount the substance of the chloroplast itself. 
Since starch is stained blue by iodine the commencement of as,simila- 
tion can be readily demonstrated macroscopically (Sachs' method). 

Leaves which have, been in' the , ligh t have their green colour removed by means 
ot alcohol, and are treated with a solution of iodine ; they take on a blue colour. 
If the amount of starch is greater the colour is a deeper blue or almost black. The 
depth of the coloration thus affords a certain amount of information as to the 
quantity of starch present. , To demonstrate smaller amounts of starch the 
decolorised leaves are placed, before staining Avith iodine, in a solution of potash or 
of chloral hydrate in ord<sr to SAveil the starch grains. This method of demonstrat- 
ing assimilation can also b^, usied to. show that the starch only appears in the 
niuminated portions of the leaf. If a etencil of opaque material from Avhich, Tor 
instance, the word ^^Starke^’ has been cut is^laid on the leaf, the word “Starke ” 
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Fifj. 250.— The positive photograph obtained by cover- 
ing a leaf of Troixxeolum which has been freed of 
starch by the negative and exposing it to the sun. 
After assimilation the leaf has been, treated with 
iodine. (After Molisch.) 


Fig. 240. — Assimilation experiment 
with the leaf of Ario'psis %)eltata. 

(Reduced.) 

not stand in direct connection with the assimilation of carbon dioxicje but is only 
the result of the accumnlation of sugar in the cell. 

In some Algae neither sugar nor starch but other products of assimilation are 
formed, e.g. Floridean starch. 

The nature of the fat-drops ” which frequently appear in assimilating cells 
and their connection with this process is still uncertain 

The Quantity of the Assimilated Material depends on the one 
hand upon the kind of plant and on the other upon the external 
conditions to which it has been exposed. It can be said that a square 
metre of leaf of an actively assimilating plant under optimal external 
conditions produces between 0*5 and 1 gramme of dry substance per 
hour. AVhen it is considered how many square metres of leaf surface 
are daily assimilating, a conception can be formed of the huge produc- 
tion of organic substance in this largest of all chemical factories. 
SohrOher estimates the amount formed annually by land plants 


\Yill a})pear blue ou a light ground, as in Pig, 249, when tlic leaf after being 
illuminated is treated with iodine. Instead of a stencil a suitable photographic 
negative can he used, as Molisch has shown ; after illumination and subsequent 
treatment with iodine a positive photograph is obtained (Pig. 250). 

In some plants (many jMonocotyledons) no starch is formed in the chloroplasts, 
hut the products of assimilation pass in a dissolved state directly into the cell 
sap. Starch is formed, however, Avhere there is a surplus of glucose, sugar, and 
other substances, as, for example, in tlie coloured plastids of liowers and fruits. 
The guard cells of the stomata and the cells of the root-cap of these Monocoty- 
ledons also contain starch. In other cases only a fraction of the product of 
assimilation appears as starch (in HelianthuSj for example, only J), while the rest 
remains as sugar or is otherwise 
made use of. It is thus clear that 
the amount of starch formed cannot 
always be taken as a measure of 
the assimilation. 

Starch formation can be induced 
to take place in the dark by float- 
ing leaves on a sugar .solution of 
suitable concentration. This shows 
that tlie formation of starch does 
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as about 35 biliioii kg. The German harvest alone contained in 1912 
some 9 milliards kilos of assimilated material in the cereals (ryc}, 
wheat, spelt, barley). 

There arc two iiiethods in use for determining the amount of assimilation. 
The nmthodiiiYented by Sachs is as -follows. In the moniing [Hwtioiis of 
leaves, usually halves, are removed ; their superficial area is measured and tht-y 
are tlien dried and weighed. In the evening equally large portions (the remaining 
halves) of the leaves which have been exposed to light tliroiighout the day arc 
similarly dried and weighed. The increase of weight indicates the gain to the 
plant by the assimilation of carbon. This is Sachs’ half-leaf method. A quite 
distinct method of quantitatively determining the assimilation of COo is tha,t of 
Keeusler which has been used by Giltay and Beown. A leaf still attacbed to 
tlje plant is placed in a closed chamber through which a constant current of air 
passes : the amount of GO.^ removed from the air by the leaf is determined. The 
amount of sugar or starch which could be formed from this amount of CO.j, can 
then be easily calculated. 

2. The Gain in Carbon by Bacteria 

Certain Bacteria, which will be described in another part of this 
text'book, are characterised by the power of increasing their substance 
in a purely inorganic food-solution ; they do this in the dark and 
■without chlorophyll so long as carbonates are present. This has been 
determined for the Nitrite- and Nitrate-bacteria, the Sulphur-bacteria, 
and for the Bacteria which oxydise methane and hydrogen. Some of 
them depend entirely on OOg, while others can also utilise organically- 
combined carbon. 

Nothing is known at present of the products of carbon assimilation 
in these Bacteria. The gain in organically-combined carbon is slight. 
Only a quite minimal fraction of the organic carbon compounds which 
at any moment exist on the earth owes its origin to these Bacteria. 
The fact of their carbon assimilation remains none the less interesting, 
especially since it takes place in an essentially different manner to the 
assimilation of the. green plant. Some other source of energy must 
take the place that sunlight does in assimilation in a green plant to 
build up the organic substance ; this energy is obtained by oxidation 
of ammonia, nitrites, oxide of iron, sulphuretted hydrogen, methane, 
and hydrogen (p. 274). We may therefore term the formation of 
organic material in green plants photosynthesis, and in these Bacteria 
a CHEMOSYNTHESIS, , , . 

8. The Gain in Carbon in Heterotrophie Plants 

While the gain of carbon from carbon dioxide is to be considered 
as the typical carbon assimilation of plants, it is by no means the only 
method found in the vegetable kingdom. Since it depends— leaving 
the Bacteria mentioned' above out of account^ — on the presence of 
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cliloropliyll and of sunlight, it cannot come into consideration in sub- 
terranean parts of plants, in all plants that are not green, a.inl in the 
case of all animals. All these are in fact dependent on organically- 
combined carbon which has been derived directly or indirectly by the 
assirnilatory activity of green parts of plants. All organisms which 
in their nutrition are dependent on the activity of green plants are 
termed hetero trophic ; the green plants and also the Nitro-bacteria are 
termed autotrophic. Autotrophic plants also depend on other organisms. 
It will be seen that life is only continuously maintained on the earth 
by the changes in substances effected in one direction by particular 
organisms being balanced hy the activity of other oiganisms. Hetero- 
trophic organisms show" by their mode of life, and especially by the 
situations in wl^ich they live, that they make other demands on food- 
material than do autotrophic plants. They occur either as parasites 
on living plants and animals, or they live as saprophytes on dead 
organisms or substances derived from organisms. 

The demands w^hich heterotrophic plants make on a source of carbon 
can be best studied in saprophytic Bacteria and Fungi. These 
organisms can be cultivated on various complex substrata, and con- 
clusions can be draw"n from their growth as to the nutritive value of 
the compounds supplied as food. The nutrient solution must as a 
rule contain, in addition to the indispensable mineral substances and 
a source of nitrogen (usually a salt of ammonia), sugar as a source 
of carbon. It should have a slightly acid reaction for mould fungi and 
be w^'eakly alkaline or neutral for bacteria, and is often converted into 
a solid medium by mixture with gelatine or agar-agar. The sugar 
can, in many cases, be more or less suitably replaced by other ox*gaiiic 
substances such as other carbohydrates, fats, albumen and derived 
substances, organic acids, etc. While these sources of carbon can 
be placed in order as regards their nutritive value for any particular 
organism, this cannot be done generally j there are many saprophytes 
which are adapted to quite peculiar conditions and use in preference, 
as a source of their carbon supply, compounds, which for the majox'ity 
of other plants have scarcely any nutritive value {e.g, formic acid, 
oxalic acid). 

Even the saprophytes which succeed on very various compounds of carhon 
(omnivorous saprophytes) are capable of distinguishing between them. Thus from 
ordinary tartaric acid PenicilUum only utilises the dextro-rotatory form, 2i,nd Bacillus 
subtilis only the laevo-rotatory form. Aspergillus growing in a mixture of glucose 
and glycerine utilises the former first (“election’' of nutritive materials), - If the 
glycerine alone is given, it is completely utilised, ^ ' 

The power possessed by many • Fungi of utilising such organic 
compounds as starch, cellulose, etc., which are insoluble in water, is 
very I'emarkable ; these substances can only be absorbed after api^ocess 
of transfonnation and solution. The Fungi and Bacteria in question 
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excrete enzymes (cf. p. 264), which have the power of rendering the 
substances soluble. 

Saprophytes are thus characterised l>y the nature of their 
assimilatory activity; they are nnalde to cany out the firnt 
step in the assimilation of carbon which is efiected. >so easily hy the 
green plant with the help of light. On the other Imnd, there is 
proba])ly ]io difference between them and autotrophic plants in 
the further steps of assimilation, in the construction from simple 
organic compounds of the more or less complex compounds which 
compose the body of the plant. 

Among phanerogamic plants also some heterotrophic forms, tliat a,t 
first sight appear to be saprophytes, occur. This is the case foi’ certain 
orchids which grow in humus {N'eoitia, Cantlliorrhiirf, Ejnpogon) and 
for Motioiropa, The absence of chlorophyll and, except for the 
inflorescence, the subterranean mode of life indicate the heterotrophic 
nature of these forms. The obvious assi.nnptio]i that they obtain 
their supply of carbon from the humus of the soil of woods is, however, 
very improbable. Since all these plants harbour a fungus in their roots 
or rhizomes, the absorption of food material is prol.>ably due to the 
fungus. The flowering plants probably lead a parasitic life upon the 
fungi in their roots (mycorrhiza; cf, p. 261 ). 

These plants thus lead us to the consideration of parasites, 
numerous examples of which are found in the Fungi and Ba,cteria ; 
parasitic forms also occur among Algae, Cyanophyceae, and the higher 
plants. 

That these parasites, or at least many of them, absorb nutrient 
materials from the host upon which they live is often evident 
from the condition of the latter ; the host may be seriously injured 
and even ultimately killed by the parasite. What the particular 
substances are that the parasite absorbs . and requires for successful 
growth is, however, difficult to determine. Since frequently only 
organisms of a definite natural group (family, genus, species) are 
attacked by one species of parasite, it may be assumed that the latter 
makes quite specific demands as to the quality or quantity of its 
nutriment. This assumption is supported by the fact that \ve are 
unable to cultivate most parasites apart from their hosts. 

B , Assimilation of Nitrogen 

Since a green plant obtains its carbon from carbon dioxide, which 
is only present in a very small proportion in the air, it might be 
assumed that the enormous supply of nitrogen in the air would form 
the primary and the best source of this element of plant food. 
Lvery water culture, however, shows clearly that atmospheric nitrogen 
cannot be utilised by the typical green plant. If combined nitrogen 
is omitted from the nutrient solution the plant will not grow. 
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In the food -solution given above nitrogen was supplied as a 
liiti'ate, and this form is most suitable for the higher plants. But 
compounrls of ammonia, so long as thej are not injurious to the plant 
owing to an alkaline reaction, can also be utilised. Organic com- 
pounds of nitrogen also, such as amino-acids, acid amines, amines, etc., 
will serve for food, though none of them lead to such good results as 
are obtained with nitrates. Nitrites can also serve as a source of 
nitrogen, but in too high concentrations are injurious. 

Wo are not nearly so well acquainted with the assimilation of 
nitric acid and of ammonia as we are with that of carbon dioxide. 
We do not know accurately the place in which the assimilation 
takes place, we know” less of the contributory external conditions, 
and lastly, ^Ye are not clear as to the products of assimilation. 
Ultimately, of course, albumen is formed, a far more complex substance 
than a . carbohydrate, containing always, besides C, H, and 0, some 
15-19 per cent of N, besides S and in some cases P. The methodical 
study of the products of the breaking down of albumen gives some 
insight into the structure of the proteid molecule. This shows that 
in albumen a large number of amino-acids are combined with loss of 
water. Since Emil Fischer has obtained albuminous substances 
(polypeptides) by a union of amino-acids followed by polymerisation, 
it is probable that in the plant also such amino-acids are first 
formed and then unite further. If the simplest amino-acid, glycocoll, 
NH^ ' CHq ‘ COgH (which, it is true, is not of wide occurrence in 
plants), is considered, it is evident that this can be derived from 
acetic acid by replacing an atom of H with the NHg group. Nitric 
acid, HNOg, must therefore be reduced when its nitrogen is to 
be employed in the construction of proteid. This reduction is 
independent both of sunlight and chlorophyll, so that nitric acid can 
be assimilated in darkness and in colourless parts of the 
Indirectly, of course, chlorophyll and light are of importance in the 
synthesis of proteids in so far as compounds containing carbon are 
required, and these are formed in sunlight with the help of chlorophyll. 
On account of their rich supply of carbohydrates the foliage leaves 
are specially fitted for the production of proteid, but they are not 
‘‘ organs of proteid formation in the same degree as they are organs 
for the formation of carbohydrates. Only in a few plants (nitrate 
plants, ejj, ChenojmUum, Amamntus^ Urtica) can the nitric acid be 
recognised in the leaves ; in most plants it appears to be transformed 
soon after its absorption by the root. 

We know as little of the steps in the assimilation of ammonia as 
of those of nitric acid. Since no preliminary reduction is required, 
ammonia might be regarded as more readily assimilable than nitric 
acid. When ammonia is found to be less favourable in a water 
culture than nitrates, this may be due to certain subsidiary harmful 
effects of the former substance. 
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The hypothetical iiitermediate products between the nitrogenous 
compounds absorbed and the completed protcids, i.c, various amino- 
acids and related substances, are present in all parts of the plant. 
Leucin, tyrosin, and asparagin are especially common. It can, 
however, rarely be determined whether these substances have been 
synthesised from ammonia or nitric acid or whether they have arisen 
by the breaking down of albumen (cf. p. 266). 

Nitrogen is present not only in protcids but in LEcrri! iNS and in 
ORGANIC BASES. The former are complex esters in which glycerine is 
combined with. two molecules of fatty acid, one n^oleculo of phosphoric 
acid, and the nitrogen -containing base, cholin. They are never 
absent from living protoplasm. Tlie majority of organic l)as6s 
(alkaloids) are probably by-products of the, assimilation of nitrogen 
and are not further utilised. 

While it can he said that the typical autotrophic pl<‘int can 
assimilate nitrogen as well or better as nitric acid than as ammonia, 
this does not hold for the majority of Fungi. Only a few of these 
prefer nitric acid; as a rule ammonia is the best nitrogenous food. 
Some Fungi lack the power to construct the more complex substances 
of the plant from such simple nitrogenous compounds, or at least 
the latter are formed more rapidly and certainly frojn organic sub- 
stances. Further, in these Fungi there are various types ; some 
succeed best with amino -acids, others with peptone, while others 
prefer proteid. They are all heterotrophic as regards their nitro- 
genous food. 

The so-called insectivorous or carnivorous plants must be 
referred to here (^^) (cf. p. 185). These are plants provided with 
arrangements for the capture and retention of small animals, especially 
insects, and for the subsequent solution, digestion, and absorption of 
the captured animals by means of enzymes. All these insectivorous 
plants are provided with chlorophyll ; the explanation of their peculiar 
mode of life can hardly be to obtain organic compounds of carbon. 
It is further known that they can succeed without animal food, but 
the moderate supply of an animal substance has a distinctly beneficial 
effect manifested in increased production of fruits and seeds. It is 
very probable, though by no means established, that the carnivorous 
habit is a means of obtaining nitrogen. Whether the nitrogen in the 
peat or water in which insectivorous plants often grow is insufhcient 
in quantity, or whether its quality is not optimal, must be left 
undetermined. It is doubtless possible that organically-combined 
nitrogen is specially advantageous to these plants. This does not 
exclude the possibility that the insectivorous habit is related not only 
to the supply of nitrogen, but to that of other nutrient salts, especially 
of potassium and phosphoric acid. Whether these salts are utilised 
in organic combinations or are transformed in the digestive process to 
the inorganic form^is unknoYR. In the latter case the use of the 
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insectivorous habit would have to be sought in the provision of more 
nutrient salts than are afforded by the soil. 

The insectivorous plants strike the ordinary observer as deviating 
from ordinary plants in the direction of the animal kingdom. Like ^ 
animals they utilise solid food which has to be rendered fluid hy 
enzjnnes before it is absorbed into the cells. The similarity between 
ajiimals and these plants appears to be increased by a comparison of 
the stomach and the pitchers, etc., of some insectivorous plants. It 
should be recognised, however, that some Fungi and Bacteria stand 
physiologically closer^ to animals. They can obtain all their food by 
the digestion of solid organic material, while the insectivorous plants 
are autotrophic, at least as regards their supply of carbon. 

In relation to insectivorous plants certain phanerogamic parasites 
may be considered which were omitted above (p. 254), since they 
possess green leaves and are evidently autotrophic as regards their 
supply of carljon. In spite of this, however, the plants only develop 
normally, when, their root-system is in connection with the roots of 
other plants by means of disc-shaped liaustoria. They may even (as 
is also the case with CuscMta) enter into this relation with other 
individuals of the same species. Thesium>j belonging to the Santalaceae, 
and the following genera of the Bhinanthaceae, Bhinanthiis^ Bicphrasia 
Fedicularis, Bartsia, and Tozzici, may be mentioned as examples of 
plants showing these peculiar conditions. In Toma the parasitism is 
well marked in the earliest developmental stages. The Mistletoe 
(Fiscmi alburn)^ although strictly parasitic, possesses, like many of the 
allied foreign genera of the Loranthaceae, fairly large leaves well 
supplied with chlorophyll, and quite able to provide all the cax^bo- 
hydrates required. By its reduced root-system it obtains, however, 
from the host plant (as has also been shown to be probable in the 
case of the Ebinanthaceae (‘^)) its supply of water and dissolved salts. 

In contrast to these plants, which are either demonstrably or probably 
supplied with organically-combined nitrogen, there are certain micro- 
organisms which are strikingly autotrophic as regards nitrogen, while 
they are heterotrophic as regards their carbon assimilation. These 
organisms are able to utilise the nitrogen of the atmosphere. Their 
existence was first established at the end of last century by the work 
especially of Winogradski, Hellriegel, and Wilearth (^'). • 

In the first place there are certain Bacteria, such as Clostridium 
Pasfetmanum and related forms and Azotobacter cIwoococcmui^ which live 
independently in cultivated soil and in water under very various 
external conditions. They fix free nitrogen and thus possess a 
very important power both for their own success and for that t 
of many other organisms ; this property is of the greatest importance 
in agriculture. An increasing number of the lower Fungi have been 
shown by recent researches to have the same power though in less 
degree. In addition to these free-living forms there are micro-organisms 
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also oil albinninoiis substances supplied by the host plant, the latter profits by 
tlie poY*er of fixing free nitrogen possessed by the bacterioids. The baeterioids 
furnisli a steady supply of combined nitrogenous substance to the leguininous 
plant. It lias been calculated that Lupins are able in this way to obtain 200 kg. 
of iiitrogen per hcctai'e. The agricultural importance of this natural fixation of 
nitrogen will be evident. It has been attempted to further it by infecting fields 
with soil rich in the bacteria, or with pure cultures of specially active forms 
( nitragin ”). A marked increase in the crop of Serradella is obtained in this way. 
If the soil in wliich a Leguminous plant is grown contains a sufficiency of nitrates, 
the plants may live at their expense ; since the presence of nitrates exerts an 
iijjurioiis influence on BacUhis mcUcicola, practically no nodules are formed under 
such circumstances. 

Besides the Leguminosae, Elaeagmis and Alnus are able to utilise free atmo- 
s])heric isitrogen when their roots bear nodules ; these are due to infection by 
another of the lower organisms. A species of Poclocarpus which has a myeorrhiza 
can also utilise atmospheric nitrogen. It is thus not improbable, thoiigli as yet 
unproved, that other mycon-hizas may have a similar significance. The roots 
not only of the phanerogamic j)lants without chlorophyll, referred to on p. 256, 
but also of most green })lants living in the humus soil of woods and heaths, 
especially tlie trees, stand in close relation to Fungi 

The fungal hyphae are sometimes found within the root occurring in tangled 
groups in the cells of definite cortical layers, while individual filaments extend into 
the soil. In other plants the hyphae invest the outer surface of the young roots 
with a closely-woven sheath. The former is called endotrophic, tlie latter ecto- 
trophic mycorrhiza, hut the extreme forms are connected by intermediate conditions. 
The fungi of the endotrophic mycorrhiza are in part digested by the cells of the 
root, and thus all the substances liberated will be available for the phanerogamic 
plant. This is not known in the case of ectotrophic mycorrhiza. Stahl regards the 
significance of fungal infection of the flowering plant to lie in the active absorption 
of nutritive salts from the soil by the fungus. The advantage to the fungus is 
obviously, at least in the cases in which it infects green plants, the provision of 
carbohydrates which it obtains. It is probable that the consortia of Fungi and 
Algae which are called Lichens can bo ranked here as regards their physiology of 
nutrition 

ftlore recently swellings which are due to infection by bacteria have been dis- 
covered in the leaves of tropical plants belonging to the Eubiaceae and Myrsinaceae. 
Wlule, however, in tlie case of the Leguminosae the infection always depends on 
accidental meeting of the bacteria and the flowering plant, in tliese families the 
bacteria are present in the embryo of the plant. When they are artificially kept 
from the egg-cell the development of Arclisia is abnormal. It is quite probable 
that in these cases also an assimilation of free nitrogen takes place (^^0- 


G, Assimilation of other Substances 

Sulphuric acid most neaidy resembles nitrogen since it also is used 
in the construction of proteids which contain about 1-1 J per cent 
of S. It is still uncertain where and under what conditions its 
assimilation occurs ; we only know that a reduction of acid radicals 
must take place in the process. In some plants sulphur is combined 
ill other substances besides proteids. " 
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Pliospliopie aeid is connected witli siilpliuiic acid in so far -as it 
is employed in the construction of at least some proteid substances, 
especially tlie niicleo-protein of the cell nuclei; it forms from 0*3 to 3 
per cent of this. In entering into the molecule of this substance the 
phosphoric acid, unlike sulphuric acid, is not reduced. Lecithin (cf. 
p. 258), which is present in all plants, also contains phosphorus, and 
this is also the case for phytin,wvhich occurs especially in seeds. 

The Metals. — -As may be showm by the method of w-ater culture, 
potassium, calcium, magnesium, and iron are just as essential as any 
of the substances hitherto mentioned. It is very probable, at least 
for potassium and magnesium, that they take part in the construction 
of certain compoimds that are essential for the existence of the plant. 
Probably protoplasm contains these elements. Other substances also 
may contain them; thus, for instance, a considerable amount of 
magnesium has been shown to exist in chlorophyll. It w’-as formerly 
believed that chlorophyll contained iron because the chloroplasts 
remained yellow^ when iron was omitted from the food solution. It 
is now known that chlorophyll does not contain iron and that iron is 
also necessary for plants that are not green. This supports the assump- 
tion that protoplasm itself contains iron, and that the “chlorosis’’ 
which occurs when iron is wanting is a result of a diseased condition 
of the protoplasm. 

Since potassium, magnesium, and iron thus pass into the substance 
of the plant they must be assimilated, but we know nothing of how 
or where this happens. The case of calcium is somewhat diiferent ; 
it is not invariably essential, for some Algae can succeed without it. 
In other plants it has a protective function, preventing the poisonous 
eftects which result from iron, magnesium, potassium, and sodium, and 
also from phosphoric acid, sulphuric acid, nitric acid, and hydrochloric 
acid. It is, howmver, improbable that the indispensability of calcium 
in the case of the higher plants is merely due to this protective 
function. 

In speaking of insectivorous plants and of certain green parasites it 
was mentioned that they might perhaps obtain their mineral food- 
materials in organic compounds;* nothing certain is known on this 
point. 

Water, — We know that water is essential to the plant. When it 
is taken into the plant as water without undergoing chemical change 
we do not speak of its “ assimilation.” This is the case, for example, 
in the water which fills the vacuoles of cells or that which permeates 
the protoplasm and cell wall. It is different where the water is 
chemically combined. This necessarily takes place when carbohydrates 
are formed from carbon dioxide, and probably in other cases also. 
In these cases there is the same justification for speaking of the 
assimilation of the water as of the assimilation of carbon dioxide. 
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IV. Tpaiislocation and Tpansfopmation of Assimilates 

The assiinilates serve prinmrilj for the constriictioii of new 
substance of the plaiit ari cl the growth of new cells. They are also 
employed as reserve materials and as substances in course of trans- 
location, while some are used up in the metabolism and others in the 
production of excretions and secretions. 

It is only rarely, however, that growth takes place where the work 
of assimilation is effected. Thus the assimilation of carbon dioxide goes 
on mainly in fully-grown foliage leaves while the growing points are 
more or less distant from the leaves. The assimilatory activity and 
the formation of new organs also do not coincide in time. Many 
plants have periods of active assimilation when but little growth is 
taking place and, alternating with these, periods of active growth 
associated with little or no assimilatory activity. Our trees lose their 
leaves in autumn and herbaceous plants lose all the above-ground 
organs. In both cases new organs of assimilation must be formed in 
spring before assimilation can be resumed ; in the growth of these 
organs the plant utilises stored assimilates. Every germinating seed- 
ling also lives at first wholly at the expense of assimilates of a preced- 
ing generation. Such stored- up assimilates are termed reserve 
MATERIALS ; they may be deposited where they are formed or may be 
carried to secondary places of deposit. Every foliage leaf which in 
the evening of a bright summer’s day is gorged with starch is an 
illustration of the first condition. The second is seen in seeds where 
reserve materials are stored in the endosperm or the cotyledons. It 
is also found in vegetative organs, which may even show by their form 
that they are places for storage of reserve materials ; examples of 
these are the swollen leaves of bulbs, swollen stems {e.g, potato), or 
swollen roots (e,g. turnip). In order that assimilates should reach* 
these storage places they must be capable of translocation, and they 
have also to be conveyed through the plant when they are removed 
from the place of storage and employed in the development of new 
organs. Many reserve materials or assimilates occur in a solid form 
which does not allow them to pass from cell to cell ; starch is an 
example of this. Others are, it is true, soluble, but have such large 
molecules that they only diffuse with difficulty. For these reasons 
reserve substances have usually to undergo a change before they, can 
be conveyed through the plant. . 

A, Mobilisation of Reserve Materials 

In the mobilisation of reserve materials we have usually a not very 
profound change of the nature of a. hydrolysis, Le. a splitting of the 
substance into smaller molecules with the absorption of water. 
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This must be scparatel}^ consiclerecT ior main types of . 

reserve material, the carbohydrates, the fats, and the aibiiininous 
substances. 

1. Hydrolysis of Carboliydpates ; 

Stareli is one of the most important reserve materials in 
plants. It not infrequently forms the main part of the reserve 
substance in seeds as well as in tubers and bulbs. In the potato 
tuber 25 per cent and in the grain of wheat 75 per cent of the 
fresh weight consists of starch. It is also present in considerable 
amounts in the pith, the xylem parenchyma, the medullary rays, and 
the rind of trees. The starch has to be broken down in order to 
allow of its translocation. This is effected technically by treatment 
with acids; the grape-sugar of commerce is obtained by treating 
potato-starch with sulphuric acid. The molecule of starch is split up 
into numerous molecules of dextrose according to the formula 

In the plant this hydrolysis is effected not by means of acids but by 
a special organic substance called diastase. Diastase can be extracted 
from the organs by water or glycerine, precipitated by means of 
alcohol from the extract and again dissolved, without any essential 
change in its properties. On the other hand, diastase is very suscep- 
tible to high temp'^ratures, and is rendered permanently inactive by 
heating to about 75° C. It has not yet proved possible to obtain 
chemically pure diastase ; it is always mixed with proteids and was 
therefore for long regarded as of this nature. Kemarkable views which 
have more recently been formed as to its chemical nature and its 
formation still require confirmation 

Diastase has the same effect on starch as sulphuric acid has ; they 
both act as catalysators. The name catalysators is given to sub- 
stances which influence the rapidity of a chemical reaction. We are 
mainly concerned with the acceleration of reactions. The usual 
method in the chemical laboratory of accelerating a reaction is the 
application,, of heat; the fact that the life of the organism is confined 
to a narrow range of temperature limits this method. A second 
method is by the use of inorganic catalysators. Many of these, such 
as sulphuric acid mentioned above, injure the protoplasm ; it is thus 
easy to understand why the organism should form special catalysators 
that are not injurious. These are termed enzymes and occur in 
both plants and animals. While many inorganic catalysators influence 
very various chemical processes, the influence of organic catalysators 
is quite specific ; thus diastase only acts on starch. Since the cataly- 
sator either does not enter into the reaction or at least does not do 
so permanently, a small amount of it is able to hydrolyse a large 
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quantity of the substance acted on, if tbe products of the reaction 
arc continually removed. 

Diastase is found in many parts of the plant, especially in those 
which contain much starch, such as foliage leaves and germinating 
seeds. The amount of diastase in an organ is not constant, but is 
regulated according to the needs of the plant ; further, its action 
can be arrested by the formation of other enzymes (anti-enzymes). 
Tiiis is one of the many regulatory processes so characteristic of the 
organism. 

In the plant diastase acts on the starch grains. These are corroded 
under its influence; they are dissolved away from without inwards, but 
this proceeds as a rule irregularly, so that the shape of the grain changes. 
At particular spots the diastase 
eats more quicklj?^ into the 
grain and, using pre-existing 
splits and canals, breaks it up 
into smaller portions which 
then dissolve further (Fig. 

253). Outside the plant the 
action of diastase can best 
be shown on thin starch 
paste ; on adding diastase to 
this tlie characteristic iodine 
reaction is lost after a few 
minutes or a quarter of an 
hour. The blue colour given 
at first, changes to a wine-red 
tint, and ultimately a yellow 
colour is given. Dextrin is an intermediate j)roduct between tbe starch 
and the maltose. 

Cellulose is also of frequent occurrence as a reserve substance. In 
the endosperm of many seeds the cell walls are very strongly thickened 
and the thickening layers are dissolved in the process of germination. 
Such thickened walls are beautifully shown in many palm seeds, e,g. in 
the Vegetable Ivory Palm. The solution of the thickening is due to 
an enzyme, the so-called cytase, which, however, does not act on every 
variety of cellulose. Typical cellulose (p. 38) is not attacked by it, 
but only reserve cellulose, which differs in its chemical structure. 

Inulin, which is found especially in Compositae and Campanuiaceae, 
is related according to its empirical formula with cellulose 

and starch, but is distinguished from these substances by always 
occurring in plants in the dissolved form. In spite of. this it is 
incapable of translocation on account of the size of its molecule, and 
is broken down on germination by an enzyme into a sugar of the 
formula The sugar in this case is, however, levulose. 

Cane Sugar, which occurs for example in the sugar-cane and sugar- 



Frci. 253.— Different stages of the corrosion shown by 
the starch grains of genninatiug Barley. (After Xoll.) 
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beet/ may be connected with iniilin. It is converted by the widely- 
spread enzyme ‘‘invertin’’ into equal parts of dextrose and levulose. 

■ ■ 2. The Fats 

Though we are unable to manufacture the reserve carbohydrates 
mentioned either from dextrose or levulose, we can understand that 
it is as easy for the plant to build them up as to break them 
down. It is much moi^e difficult to understand in what way the 
plant is able to form fats (glycerine esters of various fatty acids ; cf. 
p. 30) from carbohydrates. Fats are always present in living proto- 
plasm ; the general distribution of lecithin which is derived from fats 
has already been mentioned. Fats occur in relatively large amounts 
as reserve materials, but not in the assimilating foliage leaves. They 
occur in large amount in many ripe seeds, where they are formed 
at the expense of carbohydrates. At germination they are decomposed 
by the enzyme lipase into fatty acids and glycerine. The fatty acid 
is capable of passing through the water-saturated cell wall more readily 
than the fat, but does not usually travel as such for any considerable 
distance in the plant; it is usually quickly converted into a carbo- 
hydrate. A fatty oil sometimes occurs in the succulent portions of 
fruits, in the oil-palm and the olive, and then does not enter again 

into the metabolism of the plant. 

3. Albuminous Substances 

Albumen occurs in the storage places for reserve materials partly 
in a crystalline and partly in an amorphous form. The crystals occur 
free in the cytoplasm, nucleus, or in the chromatophores ; in seeds 
they are found especially in the aleurone grains, where they are 
associated wdth globoids. The latter then contain Ca, Mg, and 
phosphoric acid in an organic compound (cf. p. 31). 

The products of the hydrolytic breaking down of albuminous 
substances are mainly amino-acids, the wdde distribution of which in 
the plant has already been referred to. When seeds rich in proteid 
such as Eicimis^ Fimis, etc., are germinating, the abundant amino- 
acids may be regarded as derived from the proteid. Amino-acids 
occurring in other situations may have arisen in the synthesis of 
proteids. The proteid-molecule does not produce at once or ex- 
clusively amino-acids ; the breaking down of the very large molecule 
is a gradual one, in which the bodies which appear first have many 
properties ' in common with proteids ; first comes albumose, then 
peptone, and only then aminoracids. With the latter appear ammonia, 
also products of decomposition containing sulphur and phosphorus, 
and generally carbohydrates also. 
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This hydroljtio breaking down of proteids takes place under the 
iiifliierice of ‘^proteolytic” eiizyiiies (proteases) whicii very probably 
are closely similar to corresponding enzymes in the animal body. We 
should, therefore have to distinguish 

L Pepsin, which only breaks down the proteid molecule to 
albumoses and peptone. 

2. Erepsin, which transforms peptone into amino-acids. It is 
uncertain whether in addition there should be added 

3. Trypsin, which transforms proteids directly into amino-acids. 

Tile decomposition products of albumen quickly undergo clianges in the plant, 
and therefore the mixture of nitrogenous organic comxiounds which one obtains 
from a j)lant kept in the dark is not identical with the x>rodiicts of the hydrolysis 
of albumen outside the plant. In the jdant syntheses take place after the primary 
docomxiosition, and these lead to the foliation of such substances as amides, the 
most widely spread of which is asparagin. This dominates in Gramineae and 
Leguminosae (15 g. arc present in a litre of sap from bean seedlings) ; it is 
replaced in Oruciferao and Cuciirbitaceae by glutamin, while in the Coniferae 
argiihn, a di-amino-acid, appears to jday the same part. The syntheses proceed 
still farther in light, when proteid may again be formed from the i>roducts of 
decomposition of albumen. 

B. Transport of the Mobilised Eeserve Materials 

When the reserve materials have been brought by the aid of the 
proper enzymes into the soluble form, or have been transformed into 
substances with smaller molecules, they are capable of being 
transported ; we may speak of them as being mobilised. Their 
movements are governed by the general principles of translocation of 
substances. It is especially necessary that a diffusion current should 
be established and maintained. This is brought about by the active 
growth of cells at a greater or less distance from the place of storage 
of the reserve material. As long as this lasts each molecule on 
its arrival at the place of growth is promptly transformed (e.g> sugar 
into starch or cellulose), and thus room is made for the molecules that 
follow. In non- growing organs also {e.g. cotyledons, endosperm) a 
gradient of diffusion is established by the cells to which the current 
passes, having a greater power of condensing the sugar (forming 
stai'ch) than the others. A diffusion current* can also be artificially 
established where a storage structure under proper conditions is 
placed in relation on one side with a large amount of water. It is thus 
possible to bring about artificially an emptying of seeds, bulbs, etc. 

When substances have to be transported for considerable distances, 
the movement of diffusion, since it goes on slowly, is replaced by 
movement in mass. Thus in spring the reserve materials deposited 
in the wood of our trees are carried up by the ascending current of 
water in these vessels ; at this season the fluid in the vessels contains 
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abundant glucose. In the other direction a stream of nioMlised 
reserve material can pass dowmvards : from , the foliage leaves by way 
of the sieve-tubes (^-). While, however, the mechanical causes of the 
transpiration stream are at least partially imderstood, so far as they 
depend upon the evaporation of water, we do not know the forces 
concerned in movements in mass in the sieve-tubes. 

Another example of translocation is afforded by leaves shortly 
before they are shed. In many but not all cases the useful materials 
in the leaf are transferred to the stem and thus are not lost to the 
plant. Phosphoric acid, potassium, and nitrogenous substances are thus 
transferred to the stem, but the cell walls, a protoplasmic layer, and 
osmotically-active substances in the vacuole remain so that the leaf 
fails in a turgeseent condition (^^). 

C . Further Metamorphoses of Substance 

Regeneration of Reserve Materials. — Sooner or later the reserve 
materials mobilised by the help of enzymes are again converted into 
substances with large molecules. This occurs at any rate at the end 
of their transport, whether they are again deposited as reserve 
materials or are employed as constructive substances. Thus, for 
example, glucose formed in a leaf may pass to a seed or a tuber and 
be there transformed into starch or cell wall. When the transport 
is for a considerable distance the formation of reserve material may 
go on by the way and not only at the end of the journey. This is 
specially well seen in the case of starch. Along the routes of sugar 
transport so-called transitory starch may be formed in every cell. 
This starch formation diminishes the concentration of the solution, 
and thus helps to maintain the continued motion of the diffusion 
current. 

Other* Produets of Metabolism (^■^). — Only a small proportion of 
the substances met wdth in plants have been enumerated above. It 
will be sufficient to mention here the organic acids, tannins, glucosides, 
alkaloids, colouring matters, ethereal oils, resins, gum-resins, caoutchouc 
and gutta-percha among the legion of substances which are derived 
from the products of assimilation. The organic acids will he referred 
to later (p. 271); the origin and physiological significance of the 
others are too little known for them to be dealt with. It is known 
that as a rule they are not further utilised after their formation. They 
are probably, therefore, by-products of the metabolism of the plant. 
They need not, however, for this reason be useless, ‘and it is believed 
that some bitter or poisonous substances protect the plant from being 
eaten by animals ; some pigments are of use in the attraction of 
animals which distribute pollen, seeds, and fruits, or frighten away 
injurious animals (warning colours). Resin and latex when they 
exude and harden may assist in the closing of wounds. 
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Tile RipeBing of Succulent Fruits. — A strikin.g transfornBition of s:r. [(stances 
takes place in the ripening of succulent fruits. The relatively rare cast* of the 
fonnatiou of tats lias already been mentioned. Much more frequent is the eliange 
of starch into sugar associated with the disappearance of organic acids arid tannins, 
Tlio fruits thus become sweet-tasted instead of acid or bitter, and are eaten by 
animals which distribute the seeds. The significance, of these chemical changes 
is thus ecological. 

V. Respiration and Fermentation 

111 the iiiglier plants all the organic substance produced in 
assimilation is not used for construction and storage purposes ; 
a part of it is always broken down and returns to the state of 
inorganic compounds. The significance of this process, which is 
usually associated with the absorption of . oxygen and is termed 
respiration, does not lie in the substances formed but in the libera- 
tion of energy which is essential for the life of the plant. In certain 
lower plants the necessary supply of energy may be obtained in other 
ways. Usually organic substances are absorbed from the substratum 
and broken down without being first assimilated. The decomposi- 
tion may be effected by oxidation, reduction, or dissociation ; all these 
processes are grouped together as fermentation. Other lower organisms 
can utilise the energy set free in the oxidation of certain inorganic 
compounds. Transitional forms occur between the various methods 
of obtaining the necessary energy. 

A. Respiration 

By respiration in its typical form is understood the oxidation of 
organic material to carbon dioxide and water ; this involves the 
absorption of oxygen from without (cf. p. 244). 

In the higher animals the process of respiration is so evident as 
not easily to escape notice, but the fact that plants breathe is not at 
once so apparent. Just as the method of the nutrition of green plants 
ivas only discovered by experiment, so it also required carefully- 
conducted experimental investigation to demonstrate that plants 
ALSO MUST BREATHE IN ORDER TO LIVE; that, like animals, they 
take up oxygen and give off carbonic acid. The cpiestion had already 
been thoroughly investigated by Saussure, and by Dutroohet in 
the years 1822 to 1837, and its essential features correctly interpreted. 
Later the existence of respiration in plants was doubted owing to 
the demonstoation of their power of decomposing carbon dioxide and 
giving off oxygen ; it seemed impossible that both processes could go 
on at the same time. The correct view was then formulated by 
Sachs. Assimilation and respiration are two distinct vital 

PROCESSES CARRIED ON INDEPENDENTLY BY PLANTS. AVhILE IN THE 
PROCESS OF ASSIMILATION GREEN PLANTS ALONE, AND ONLY IN THE 
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LIGHT, DECOMrOSB CARBONIC ACID AND GIVE OFF OXYGEN, ALL PLANT 
ORGANS WITHOUT EXCEPTION BOTH BY DAY AND BY NIGHT TAKE UP 
OXYGEN AND GIVE OFF CARBONIC ACID. Organic substance, obtained 
by assimilation, is in turn lost by respiration. That green plants 
growing in the light accumulate a considerable surplus of organic 
substance is due to the fact that the daily production of material by 
the assimilatory activity of the green portions is greater than the 
constant loss which is caused by the respiration of all the organs. 
Thus, according to Boussingault’s estimates, in the course of one 
hour’s assimilation a plant of Sweet Bay will produce material 
sutHcient to cover thirty hours’ respiration. If assimilation is sup- 
pressed by keeping the plant in darkness, it loses considerably in 
dry weight. ^ 

Plants produce in twenty Hour hours about five to ten times their own volume 
of carbonic acid. In shade plants this is usually reduced to twice the plant’s 
volume, while the commonly-cultivated Aspidistra produces only one-half of its 
own volume, and can therefore succeed even under conditions which are uiifavour- 
able to assimilation. 

In order to demonstrate the existence of respiration either the 
absorption of oxygen or the giving off of carbon dioxide by the plant 
may be employed. If a handful of soaked seeds is placed at the 
bottom of a glass cylinder, the top of -which is closed for a day by a 
glass plate, the oxygen in the space is used up by the germinating seeds; 
a candle %viil be exti?iguished if it is introduced into the cylinder. If 
germinating seeds or flower- heads of Compositae {B, Fig. 25-4) or 
young mushrooms are placed in a flask and prevented from falling 
out when the flask is inverted by means of a plug of cotton-wool (W), 
the mouth of the flask can be dipped under mercury (S) and some 
solution of caustic potash (K) be introduced above this. The carbon 
dioxide formed is then absorbed by the caustic potash and the 
mercury rises (Fig. 254). Wlien this experiment is carried out 
quantitatively it is found that a fifth of the volume of air disappears, 
so^hat all the oxygen has been absorbed. Since, however, when no 
potash is present, the volume of gas is not altered by the respiration 
of the plants, an equal volume of carbon dioxide must be formed for 
each volume of oxygen that is absorbed. The respiratory coeflicient 
or ratio between the absorbed oxygen and the excreted carbon dioxide 

is equal to unity If we assume that sugar is the substance 

respired, this must take place according to the formula 
OejHiaOg + 603= 600^ + eH^O. 

This is an exactly opposite process to the assimilation of carbon dioxide. 
It is not so easy to demonstrate the formation of water in typical 
respiration as it is to show the utilisation of oxygen and the pro- 
duction of carbon dioxide. Quantitative estimates of the loss of dry 
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weiglit and of the carbon dioxide formed show that the latter does 
not account completely for the former; a part of the dry substance 
must thus have been transformed into water. 

The volume of air does hot under all circumstances remain 
unchanged by the respiration of the plant ; the carbon dioxide pro- 
duced is not always equal in 
volume to the oxygen which dis- 
appears. Small deviations from 
this ratio occur in all plants, 
and considerable ones in, for 
instance, the germination of fatty 
seeds, and in the leaves of cer- 
tain succulent plants (Crassu- 
laceae). This is connected 
with the fact that in these seeds 
fats, which are much poorer in 
oxygen than carboh}^] rates, are 
used in respiration ; and that 
in the Orassulaceae certain 
organic acids are produced from 
carbohj’drates instead of carbon 
dioxide and water. In other 
plants also similar acids, though 
not in so great amount, are 
formed. They probably arise 
mainly in the respiratory pro- 
cess, but may also be produced 
in constructive metabolism. 

In the germination of fatty seeds 
far more oxygen is absorbed than 
carbon dioxide is given off ; tliis may 
go so far that in the first days in the 
dark, in spite of continual respiration, 
an increase in the dry weight takes 
place. The respiratory quotient is 
thus less than 1, Most of the oxygen 
is used in the transformation of fats, 
which are poor in oxygen, into carbo- 
hydrates, and. only a small proportion 
is used in respiration. 

In the Orassulaceae a large proportion of the carbohydrate is changed into 
organic acids in the process of respiration. The oxidation is thus incomplete ; 
it does not lead to the formation of GOg, so that less of this gas is formed than the 
amount of oxygen absorbed would lead us to expect. The respiratory quotient is 
less than 1. This peculiar respiratory process which is connected with an accumu- 
lation of acids ill the cell sap, as can be recognised by the taste, is not without 
ecological significance for succulent plants. The acids formed (especially malic and 
oxalic acids) give off GO 2 in the light. This can be again employed in assimilation, 



Pig. *254. — Exporiiuent to demonstrate respiration. 
Tlte inverted flask (B) is ijartially filled witli 
flowers wliicli are held in place by the plug of 
cotton (IF). Owing to the absoi’ption of the 
carbon dioxide exhaled in respiration by the 
solution of caustic potash (X), the mercury (Q) 
rises in tlie neck of the flask. (After Noll.) 
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wliile, in typical respiration at least, the CO.2 formed during the night escapes, and 
is lost to tile plant. The sneculents thus economise their siip|>ly ofO, which is 
j)robal)ly connected with the fiict that they do not so readily obtain carbon dioxide 
from the air as other plants, owing to the diniinntion of gaseous excliaiige on account 
of the limitation of transpiration. 

As has been mentioned, respiration is of general oeeiirrence 
in the higher plants. It not only occurs in the parts of plants which 
do not possess cliloropliyll and are commonly used in experiments 
on respiration, but can be demonstrated also in cells which contain 
chlorophyll. In this case the respiration in the light is masked by 
the quantitatively greatef process of assimilation; it appears only as a 
diminution in the products of assimilation. If the light is diminished 
a,ssimiiation ultiraately ceases and the respiration becomes evident. 

Though respiration goes on in every cell its intensity varies greatly 
in different organs and under various external conditions. Actively- 
growing parts of plants, young fungi, germinating seeds, flower-buds, 
aud especialljr the inflorescences of Araceae and Palms, exhibit very 
active respiration. In some Bacteria and Fungi this exceeds, as 
compared with the body- weight, the respiration of the human body. 
In most cases, h 0 we veiy especially in parts of plants composed wholly 
or mainly of full-grown tissues, the consumption of oxygen and 
production of carbon dioxide is considerably less than in warm-blooded 
animals. Among external conditions Avhich have an important 
influence on the intensity of respiration the temperature and the 
amount of oxygen must be especially mentioned. An increase of 
temperature accelerates re>spiration as it does all the vital processes. 
The production of carbon dioxide is about doubled or trebled by a 
rise of 10'^ 0., just as other chemical processes outside the plant 
are. With continued rise of temperature, however, the respiration 
diminishes. In contrast to other like phenomena the fall in the 
respiratory curve is exceedingly steep, so that the optimum and 
maximum almost coincide. 

Eespiration is commonly spoken of as a process of combustion. 
Were this correct it might be expected that the amount of available 
oxygen would be of fundamental importance ; in particular it 
might be anticipated that respiration would be greatly increased in 
pure oxygen and completely suspended in a space free from oxygen. 
Neither of these assumptions is true. Eespiration is not markedly 
increased in pure oxygen, and only at a pressure of 2-3 atmospheres 
of oxygen does an increase in the respiration become perceptible ; 
this is soon succeeded by a decrease in the i*espiration indicating the 
approach of death. Even more striking is the fact that plants in the 
absence of oxygen continue to produce carbon dioxide. In this case 
one cannot speak of a process of combustion ; the phenomenon is termed 
INTRAMOLECULAR RESPIRATION because the car])on dioxide which is 
formed owes its origin to a reaiTangement of the atoms in the molecule 
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of the sugar which serves as the material for respiration. The molecule 
of sugar ]>reaks down and forms, in addition to carbon dioxide, other 
reduced compounds. Sometimes, for example, alcohol according to 
the formula 

If this empirical formula is replaced by the structural formula 

COH . GHOH . CHOH . CHOH . CHOH . CH,OH . 

:= CO^ f OH3 . GHgOH + CH3CH2OH + go;, 

it will be seen that the molecule of sugar has broken down into four 
portions, two of whicli are poorer and two richer in oxygen than the 
molecular groups from which they are derived. In this type of 
respiration certain moleculai‘ groups withdraw the combined oxygen 
from others. 

It may be assumed that oxygen -respiration and intramolecular 
respiration are expressions of one and the same property of the plant; 
in other words, that on withdrawal of oxygen normal respiration passes 
over into intramolecular respiration. If this is true, it follows that the 
essence of respiration does not consist in an oxidation process but in a 
breaking down of organic substance in which products arise that readily 
take up oxygen. The materials which are respired in the plant, such as 
carbohydrates and proteid, are not easily pxidisable at ordinary tempera- 
tures. Fats, it is true, which may also serve as material for respiration, 
are oxidisable, but in this case we know that they are transformed 
into .carbohydrates before they are used for respiration by the plant. 
The plant must thus have at its disposal special means in order to 
carry on the oxidation and the preceding decompositions that are 
involved in respiration. It is scarcely to be doubted that enzymes are 
concerned in this, but we have at present no insight into their precise 
action 

At first sight respiration appears a contradictory process, since in 
it organic material which has been built up in assimilation is again 
broken down. Its meaning only becomes evident when, turning 
from the changes of substance, those of energy are considered. It 
is not the production of CO.^ and HgO that is important, but only 
the liberation of energy. This is efFected on the breaking down of 
such substances as carbohydrates, for the ‘construction of which, 
as has been seen, a supply of energy is requisite. On this liberated 
energy the plant is dependent for the driving force in many of 
its vital phenomena. Movement of protoplasm, growth, and move- 
ments due to stimuli cease on the withdrawal of oxygen from the 
plant. All these vital phenomena begin again on the restoration of 
a supply of oxygen, if this is not too long delayed. It might have 
been expected that the organism would possess arrangements by the 
help of which the external energy of light or heat could be employed 
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as driving power. Practically, however, it is found that the plant 
proceeds to store up the energy of the sun's rays in the form of 
potential chemical energy, and then utilises this at need. 

In intramolecular'respiration also energy is set free ; this does not, 
however, suffice in most organisms to maintain the driving force for 
the vital processes. Some seeds can remain alive for many hours or 
days with intramolecular respiration, and some even continue to give 
off the same amount of carbon dioxide as in ordinary respiration. 
In most cases, however, the amount of COg rapidly diminishes. 
In other plants death soon occurs, probably owing to the reduced 
compounds acting as poisons. The value of intramolecular respiration 
is in these cases only slight. On the other hand it has a’ very great 
importance in certain organisms which will be referred to later. 

B. Oxidation of Inorganic Material 

While most plants use organic compounds, especially carbohydrates, 
in respiration, certain Bacteria utilise other sources of energy. Thus, 
the nitrite bacteria which commonly occur in the soil oxidise ammonia 
to nitrous acid, and the associated nitrate bacteria further oxidise the 
nitrous acid to nitric acid. By the help of the energy thus obtained 
they can then — as has already been pointed out on p, 254 — assimilate 
carbon dioxide ; the chemical energy takes the place in them of the 
sun's energy for the typical autotrophic plant. There is no breaking 
down of organic material so that the whole of the assimilated nutri- 
tive substance is retained, and the working of these organisms is very 
economical. Since, however, only a limited amount of ammonia is 
available, and this is derived from other organisms, they cannot take 
the dominant place in nature which the green plants do. 

With the iiitro bacteria the so-called sulphur bacteria may be associated ; these 
oxidise sulphuretted liydrpgen to sulphuric acid, sulphur being an intermediate 
product, and being stored in the body of the plant. In the same way as the 
sulphur bacteria utilise the energy set free in the oxidation of sulphuretted 
hydrogen, the iron bacteria obtain usable energy by the oxidation of ferrous to 
ferric oxide, other bacteria by the oxidation of methane to carbon dioxide and water, 
and yet others by that of hydrogen to water. 

C. Fermentation 

With the removal of oxygen intramolecular respiration begins, but 
this cannot supply the necessary energy to maintain life in the higher 
plants, although it may do so in lower organisms. Many Bacteria, 
Fungi, and certain Algae (Characeae) are notably independent of a 
supply of oxygen ; they succeed with slight traces of this gas, or they 
avoid it altogether and live in situations where oxygen is absent. 
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Such organisms are called anaerobes or anaerobionts in contrast to 
the typical aerobes or aerobionts. All intermediate stages connect the 
tu'O extremes. The true anaerobionts decompose large amounts of 
organic siibstancesjand this decomposition, which is in principle the same 
as the process of intramolecular respiration, is termed ff.rmentation. 
As in ititramoleciilar respiration, these processes are concerned with 
obtaining combined oxygen. 

The prototj^pe of fermentation is the alcoholic fermentation brought 
about by the yeast fungus. In this sugar is split up into alcohol 
and carlDon dioxide, and the process has great technical importance 
ill the production of beer, wine, and brandj^. The chemical process 
is the same as that of intramolecular respiration in a green plant ; 
in contrast to this the yeast plant obtains in the fermentation a 
complete substitute for respiratory activity. It is, however, only 
independent of oxygen when it is supplied with a suitable ferment- 
able material (sugar). In the absence of sugar, oxygen is indis- 
pensable, and normal respiration takes place. When both sugar 
and oxygen are supplied, respiration and fermentation go on simul- 
taneously ; part of the sugar is transformed into CgHgO and CO^ and 
another part into H 2 O and COg. Obviously, the transformation of 
sugar into alcohol and carbon dioxide will provide much less energy 
than the complete combustion to carbon dioxide and water. It is 
thus easy to understand that yeast utilises enormous quantities of 
sugar. Only about 2 per cent of the sugar in the nutrient solution is 
used in the construction of the substance of the plant, i.e. is assimilated ; 
the rest is fermented. For effecting this extensive decomposition of 
the sugar, yeast employs a specific enzyme (zymase), the existence of 
which was demonstrated by E. Buchner (^^). 

Many other carbohydrates undergo fermentations, and this also 
holds for proteids. In the latter case the process is termed putre- 
faction when it takes place in the absence of oxygen, and decay when 
oxidation is possible. In nature aerobic bacteria occur first in the 
fermentation of albuminous substances, and these prepare the way for 
anaerobic forms, so that a sharp distinction between decay and putre- 
faction is impossible. In all cases the proteids are first hydrolytically 
dissociated with the production of the substances already mentioned, 
especially amino-acids. These are further changed, first by the separa- 
tion of NHgj and then more profoundly ; ill-smelling substances such as 
indol and skatoi are often, but not in all cases of proteid fermentation, 
formed. It is impossible to draw a sharp line between those decom- 
positions which go on without the assistance of atmospheric oxygen 
and those in which oxygen plays a part, We are obliged to class as 
fermentations all tlmse metabolic processes by which energy is obtained, 
which differ from typical oxygen respiration. In this sense the oxida- 
tion of alcohol to acetic acid effected by the acetic acid bacteria and 
also the production of acids in the higher plants, especially in succulent 
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plants (p. 271), would be fermentations. Lastly, tlie processes of de- 
nitrification and of reduction of sulphates, in which anaerobic bacteria — 
probably in order to obtain oxygen — reduce nitrates to free nitrogen 
and sulphates to sulphuretted hydrogen, cannot be excluded from 
fermentations. 

Many fermentations have another significance besides that of 
obtaining energy. The products of fermentation such as alcohol, 
acids, etc., are poisons ; they are, as a rule, more injurious to other 
organisms than they are'* to those which produce them. On this 
account they are suited to exclude other organisms from the supply 
of food-material. It is true that a fermentation organism in a pure 
culture on a definite substratum renders, by the products of its meta- 
bolism, the latter not only unsuitable to concurrent organisms but 
sooner or later for itself. When organic material, as is the case in 
nature with the remains of dead organisms, is the prey of various 
micro-organisms these co-operate in their action; metabolic products 
of one kind of micro-organism are further decomposed by others until 
the organic compounds are converted into inorganic or mineral sub- 
stances. The final products are water, hydrogen, methane, ammonia, 
nitrogen, and sulphuretted hydrogen. 

Circulation of Material. — All these end-products of fermentation 
can be utilised by other organisms. Leaving COg and HgO aside as 
having been sufficiently dealt with, it may be noted that hydrogen, 
methane, ammonia, and sulphuretted hydrogen are all oxidised by 
particular bacteria, while others assimilate nitrogen. It is only by 
this co-operation of all organisms that life is maintained on the earth 
and substances again brought into circulation. If only one type' 
of organism existed, it would in a short time have destroyed the 
possibility of its own existence by its one-sided metabolism. 

D, Production of Heat and Light in Eesitratton 
AND Fermentation 

Heat (^^). — Since typical respiration is a process of oxidation, it is 
easy to understand that it is accompanied by an evolution of heat. That 
this evolution of heat by plants is not perceptible is due to the fact 
that it is not sufficiently groat^ and that considerable quantities of heat 
are rendered latent by transpiration, so that transpiring plants are 
usually cooler than their environment. In some fermentations, e.g, 
alcoholic fermentation, a considerable quantity of heat is evolved. 
The heat of rotting manure is wellr known and employed in the con- 
struction of hot-beds. 

The spontaneous evolution of heat is easily shown experimentally, if tran- 
spiration and the loss of heat by radiation are prevented and vigorously-respiring 
plants are selected. A quantity of germinating seeds (peas) shows under proper 
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euiiditiotis a ri^;e in teiuperaturu of 2^ 0, The greatest spontaneous evolution of 
heat manifested by plants has been obsei'ved in the inhorescences of the Araceae, 
in wliich tlie temperature was increased by energetic respiration 10'’, 15“, and 
even 20“ C. Also in the large ilower of the Victoria regia temperature yaria- 
tioiLs of la’’ C. liavc been shown to be due to respiration. One gramme of the s}>adix 
of an Aroid exhales, in one hour, up to 30 cubic ceiitiinetre>s COo : and half of 
the dry substance (ail the reserve sugar and starch) may be consumed in a few' 
hours us tlie result of such vigorous respiration. These high temperatures in 
liowers and inilorescences attract insects that are of use in pollination. Specially 
high temperatures arc obtained by cutting up living leaves in large quantity and 
ensuring a sufficient sup})ly of oxygen. Under these conditions the temperature 
rises to 40“-50'' C., and the leaves perish. After their death a further rise of 
temperature is due to tlie action of micro-organisms. 

In the healing of wounds in plants, respiration and also the production of heat 
are markedly increased ; the contrary is seen in conditions of starvation. 

In the fermentation of tobacco also a considerable rise in temperature takes 
[dace. This is still more marked when damp hay or cotton wool is piled up in 
large cpiantity and left undisturbed ; by the foniuition of easily inflammable gases, 
this may lead to the spontaneous combustion of the material. Miehe has most 
recently investigated the spontaneous heating of hay. First by the respiratory 
activity of Bacillus coU the temperature is raised to 40“ C. ; then a number of 
thermopbilous j\louids and Bacteria become established, among wdiich Bacillus 
calfactor raises the temperature to 70“ C. Ultimately' all the organisms perish 
owing to the temperature to which they have given rise and the hay becomes 
sterile. 

Phosphorescence — Under the same conditions as those of respiration a 
limited number of plants, particularly Fungi and Bacteria, emit a phosphorescent 
light. The best-known phosphorescent plants arc certain fornis of Bacteria which 
occur in the sea, and the mycelium, formerly described as Bliizomorpha,” of the 
Fungus Armillaria mellea. Harmless phosphorescent Bacteria {Microspira photo- - 
gena. Pseudomonas lucifcra) occur on phosphorescent fish or meat. According 
to Molisoh Bacterium phospkoreum {Micrococcus 2 )hospkoreus) usually occurs on 
meat which has been moistened with a 3 per cent solution of common salt and 
kept at a low temperature. The most important plants, in addition to many 
animals, taking jiart in the phosphorescence seen in the sea are Pyrocystis noctiluca, 
belonging to the Gymnodiniaceae and certain Peridineae. 

This pliospborescence at once disappears in an atmosphere devoid of oxygen, 
only to reappear on the admission of free oxygen. On this account the phos- 
phorescent Bacteria, according to Beyekinck and Molisoh, afford a delicate test 
for the activity of assimilation. All the circumstances which facilitate respiration 
intensify phosphorescence ; the converse of this is also true. According to the 
results of investigations concerning the phosphorescence of animals, from which 
that of plants does not probably differ in principle, the phosphorescence is not 
directly dependent ujioii the respiratory processes. No use is knowm for the 
phenomenon of phosphorescence. 
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SECTION 11 
DEVELOPMENT 

Developmental physiology, Avhich is also spoken of as the 
MECHANISM OF DEVELOPMENT, will be treated here under three heads. 
A few introductory remarks will in the first place render more vivid 
some facts that have already been mentioned in the morphological part. 
On this follows developmental physiology in the proper sense, the 
object of which is to understand causally the successive processes in 
development and to modify these at will. As yet the results 
obtained do not reach far towards this goal ; the problems are more 
numerous than the solutions. These problems require to be presented 
from two points of view : in the second sub-section the factors which 
influence development will be considered, while in the third sub-section 
the presentation will be based on the developmental processes them- 
selves. •. 

1. Introductory Remarks 

Development accompanied by changes of form due to growth is 
one of the most general and striking of the vital phenomena of the 
plant. A mere increase in volume does not necessarily imply growth, 
for no one would say that a dried and shrivelled turnip grows when 
it swells in water. Only permanent and irreversible increase of size 
can be termed growth, and this whether the plant as a whole is gain- 
ing or losing in substance. Usually growth is associated with gain of 
material, but in the' case of potatoes sprouting in a dark cellar loss 
takes place by transpiration and respiration, and yet the shoots 
exhibit growth. 

1. The Measurement of Growth. 

Total Elongation. — The rate of growth of a plant, or the total 
elongation in any unit of time, may be directly measured by means of 
a scale in the case of some quick-growing organs, e.g, the inflorescences 
of Agam and the shoots of Bambusa, Usually it is necessary to magnify 
in some way the actual elongation for more convenient observation. 
This may be effected by means of a microscope, which magnifies the 
rate of growth correspondingly with the distance grown. For large 
objects, the most convenient and usual method of determining the 
rate of growth is by means of an adxanometer. 

The principle of all auxano meters, however they may differ in construction, is the 
same, and is based upon the magnification of the rate of growth by means of a 
lever with a long and short arm. In Fig. 255, at the left, a simple form of auxano* 
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meter is shown. The thread histeiied to the top of the plant to he observed 
is passed over the movable pulley (r) and held taut by the weight {g), which 
sliould not bo so heavy as to exert any strain on the plant. To the pulley there 
is attached a slender pointer (is), which is twenty times as long as the radius 
of the [tulley, and this indicates on the scale {JS) the rapidity of the growth 
u 1 agni 1 1 ed t w en ty - fo Id . 

8eif- registering auxanometers are also used, especially in making extended 
observations. In Fig. 255, at the right, is shown one of simple construction. 
The radiiiis of the wheel (M) corresponds to the long arm, and the radius of the 
small wheel (r) to the short arm of the lever, in the preceding apparatus. Any 
movement of the Avheel, induced by the elongation of the shoot, and the con- 
sequent descent of the weight (g), is recorded on the revolving drum (G) by the 
pointer attached to tlie weight Z, wliich is in turn balanced by the counter-weight 


Fig. 255.— Simple and self-registering auxurioraeters. For description see text. 


( IIO- The drum is covered with smoked paper, and kept in rotation by the clock- 
work ( U). If the drum is set so that it rotates on its axis once every hour, the 
perpendicular distances between the tracings on the drum will indicate the propor- 
tional ho iirly gro w th . 

The rate of growth in plants is usually too slow to allow of the 
result being directly observed after a short time. Only some fungal 
hyphae and the stamens of some Gramineae grow so rapidly that 
their elongation is evident, even to the naked eye. The fructifica- 
tion of the Gasteromycetous fungus Dictyophora grows in length to the 
extent of 5 mm. per minute (A. Moller), and according to Askenasy 
an increase in length of T8 mni. a minute has been observed in 
the stamens of Triticum (Wheat). This approximately corresponds to 
the rate of movement of the minute-hand' of a watch. In comparison 
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sheath of the Banana which shows an elongation of 1*1 mni., and a 
Bamboo shoot, -with an increase in length of 0*75 intn. per minute; a 
strong shoot of Ciicurbita grows 0*1 mm. per minute, the hypliae of 
Ihtnjtis grow 0*034 mm., while most other plants, even under favour- 
able circumstances, attain but a small rate of elongation (0*005 mm. 
a?id less per minute). 

The rate of growth of an organ never remains uniform ; even 
under constant external conditions it gradually increases from very 
small values to a maximum and then decreases to zero. This pheno- 
menon is known as ‘‘ the grand period of growth.'’ An example will 
illustrate its course. 

For the first internode of the stem of the Lupine, growing in the dark at a 
eoustant teinxierature, tlie daily growth observed, measured in tenths of a milli- 
metre, was : 

8 , 9, II, 12, 35, 43, 41, 50, 51, 52, 66, 54, 43, 37, 28, 18, 6, 2, o. 

The grand period is not always so regular as in this example ; 
frequently deviations due to abrupt changes in the growth are 
apparent. 

Distribution of Growth (^^). — As a rule any part of a plant is 
not growing throughout its whole extent but consists of both fully- 
grown and still growing portions. The latter also are not elongating 
uniformly but are composed of zones, passing gradually into one 
another, in which the rates of growth differ. The length and position 
of the growing zones is not the same in different organs. The grow- 
ing zone is longer in aerial roots and in extreme cases may amount to 
1 m. In roots it is situated at the tip and occupies a length of 5 
to 10 mm. The behaviour of stems varies. Those without sharply- 
defined nodes have a single zone of growth of considerable length 
(frequently extending to *5 m.). They thus resemble the aerial roots. 
In many shoots, especially those divided into nodes and internodes, 
there are a number of zones of growth separated by fully-grown zones. 
This is termed intercalary growth and is beautifully shown, for 
example, in the haulms of grasses, where a growing zone is found 
at the base of each internode. At the bases of many leaves also, 
especially of Monocotyledons, an intercalary growing zone is found. 

The distribution of growth in any member of the plant is ascertained by 
periodically measuring the distance between certain natural or artificial marks. 

Thus, for example, the tip of the root in Fig. 256 7 is marked with lines of 
india-ink at intervals of 1 mm. The marks start from the growing point of the 
root (0) just behind the root-cap. Twenty-two hours later the marks had been 
separated from one another as is shown in Fig. 256 77. The elongation has been 
unequal in the different zones ; -at the upper and lower ends of the marked 
region it diminishes and thus leads to the fully-grown region on the one hand 
and the embryonal region at the tip on the other. Between these and nearer to 
the apical end is a zone where the maximal growth has taken X->lace. If the 
growth of one transverse zone such as that between 0 and 1 is followed on 
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successive days it is found that it grows at first slowly, then raihdly, and then 
again slowly. In other words, every division of the growing s:one exhibits the 
grand period of growth. The millimetre zones marked ofi“ from the ayiex arc 
tiiiis in dilfcrent stages of their grand j)eriods ; 
the two are un the ascending side of the 
cur\'e, and 4 are at the summit, and the 
others are on the descending sloj^e of th(3 curve. 

Oilier organs give corresponding results. 

Distinct periods of growth separated by an 
interval of time occur in the scaf>es of the Dande- 
lion, the first ]KU-iod in i-elation to the develop- 
ment of the flowers, the second to that of the 
fruits. A similar beJiaviour is found in other 
organs whose function after a time becomes 
altered (flower or fruit stalks in Lmaria eyrnba^ 
laria^ and Amchis hyjiogaea). 

Rate of Growth. — From the fact that 
in different organs zones of different 
length are in a growing condition, it 
follows that such results as to the total 
growth of an organ as were described on 
p. 279 do not give the true rate of growth, 

Le, the growth of a unit of length in unit 
time. Thus in the shoots of the Bamboo 
the growing zone is many centimetres 
long, while in Botrytis it is only 0*02 mm. 
in length. While Bamhtisct shows twice 
as much growth per minute as Botnjtis 
does, its I'ate of growth is really much Fkj. ' 256.— Unequal growth of different 

regions of the root- tip of Vuia Faha. 
I, The root-tip divided by marking 
with india-ink into 10 Kones, each 
l imn. long, /f, The same root after 
twenty-t-wo hours ; by the unequal 
growth of the different zones the 
lines have become separated by un- 
equal distances. (After Sachs.) 



less. To express the rapidity of growth 
it is necessary to express the elongation 
per minute as a percentage of the growing 
zone. This gives a rapidity of growth 
of 83 per cent in Botrytis, and of only 
1*27 per cent in Bamhusa. The maximum 
growth observed is 220 per cent in some 

pollen tubes, while some shoots which are still clearly growing have a 
rate of only O’o per cent. 

Size of the Plant. — We can only determine the definite elongation 
of a part of the plant when, in addition, to the rate of growth and tlie 
length of the growing region, the duration of growth is known. The 
size of the plant, which, as is well known, depends in various ways on 
external conditions and yet is a specific character, is determined by 
variations in these factors. A definite size belongs to the specific pro- 
perties of an organism just as much as the form of its leaves, etc. ; 
further, the whole organisation of the plant is such that it involves a 
particular size. The stems of twining plants are particularly long, 
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while ‘‘rosette plaiits/Mn which the leaves are separated by hardly 
recognisable internodes, stand in striking contrast to them. 

2, The Phases of Growth 

In the simplest plants, such as the lower xUgae, Fungi, or Bacteria, 
development consists merely in growth of the cell followed by cell 
division. These cases have been sufficiently dealt with in the morpho- 
logical section. In more complex plants growth and division of cells 
are also found, but these processes appear subordinated to the growth 
of the whole. Tiiree distinct processes can be distinguished in this, 
though they are not always separated in time. These' are the stage of 
FORMATION OF EMBRYONIC ORGANS, that of ELONGATION, and the stage 
of INTERNAL DEVELOPMENT (^■*). 

(a) Embryonie Rudiments. — The embryonic growth takes place 
normally at the growing* points, and new growing points arise as a 
rule directly from the latter. Only in the case of roots is the forma- 
tion of the growing points of lateral branches somewhat delayed and 
takes place from remains of the growing point which have retained 
the embryonic character. The main features of the formation of 
organs at the growing points have been dealt with in the section on 
Morphology. Symmetry and polarity have been considered on 
p. 7411*.; these are often manifested even at the growing point. The 
contrast of base and apex which constitutes polarity is determined in 
the egg-cell in higher plants, and is as a rule maintained when once 
established. It must be pointed out, here that all growing points do 
not arise from pre-existing similar ones. Development of the plant 
can proceed by restitution as well as by the normal organogeny. 

By Restitution is understood the new formation of organs 
which as a rule follows the mutilation of a plant, and can take place 
in situations wdiere no active growth would have been manifested in 
an uninjured plant. The types of restitution may be distinguished 
as regeneration and reparation. 

Beparation is when the lost organ is again formed from the 
wounded surface. This kind of restitution, though not uncommon 
in lower plants such as Algae and Fungi, is of very restricted occurrence 
in the higher plants. Only tissues that are meristematic or embryonic, 
and by no means ail of these, are capable of reparation. It is most 
frequently seen in the growing point of roots ; wffien the tip is removed 
by a transverse cut, if this is not more than 0;5 mm. from' the tip, 
it may be again formed. A longitudinally-split root-tip tends to com- 
pletion by reparation, so that a root thus treated may obtain two 
growing points. True reparations do not occur at the growing points 
of shoots ; they *are rare in the case of leaf-primordia. 

Eegene RATION, on the other hand, is wide-spread among plants. 
In this case an organ which has been lost is replaced either by the 
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formation of a new one in the vicinity of the wound or the out- 
growth of one which was in a rudimentary condition. Examples 
of tin's type of restitution are afforded by the Algae and Fungi, and 
especially by Bryophyta. These can only be mentioned here, and 
consideration will be limited to the Flowering Plants. The capacity 
to form roots is especially wide-spread. In Geraniums, Willows, 
and many other plants, roots can be induced to form at any point 
by cutting off the shoots. Tn other plants the roots develop at 
particular places such as the older nodes. After roots have developed, 
the stem gives rise to a complete plant either by the unfolding of 
axillary buds or by the development of new growing points of shoots. 
Separated leaves are often able to form 
roots, though the power of giving rise 
to a new shoot is rarely connected 
with this. Even separated roots, when 
they are able to give rise to shoots, 
may regenerate new plants. Regenera- 
tive buds may also arise on tendrils, 
flowers, and fruits. When in regenera- 
tion the production of shoots is not 
provided for by existing growing 
points, new ones may 
be developed. If the 
growing point of a 
seedling is destroyed 
a new growing point 
may be developed from 
the meristem above 
the youngest leaf- 
primordium. While Fig. 257 .— Transverse section of the leaf of Uet/onia showing the 
the res:cn oration is development of an adventitious 'shoot from an epidermal cell . 
n ^ f 1 X J' epidermal cell lias divided once; h, a multicellular 

nere res trie tea to men- meiistem has been produced, (x 200. After Hansen.) 

stematic cells, in other 

cases older fully-grown cells may recommence to grow and divide 
and thus return to the meristematic condition. A special tissue, called 
CALLUS, is thus first formed at the wounded surface, and new shoots 
may form within this. In yet other cases fully-grown epidermal or 
parenchymatous cells may give rise to growing points directly, ie, 
without the formation of callus. Fig. 257 shows the origin of a 
regenerative shoot from an epidermal cell of a leaf of Begonia. 

Tissues may also be regenerated from mature parenchymatous cells. Thus 
^YheT^ the conducting tracts are interrupted new vessels may be formed from the 
parenchyma and re-establish the connection. The tissues which liave been removed 
or interrupted are, however, not always formed anew,;, frequently substitutionary 
growth takes place. Thus, as a rule, an epidermis is replaced by cork, and it is 
exceptional for a true epidermis with stomata, to be regenerated (®®). 
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Tile new formation of epidermis, wMcli occurs in the normal course of develop- 
ment in certain Araeeae with perforations in their leaves, may he referred to here. 
In Monstera deliciosa particular limited regions of the laminae of quite young leaves 
die. Around these spots the niesophyll divides and forms from the outermost 
layer of cells a secondary epidermis, clothing the perforations and connecting with 
the primary epidermis of the upper and lower surface of the leaf. In the normal 
development of plants many processes which can be regarded as regenerative take 
place such as repeated cork -formation (p, 163). 

In addition to the fact that regeneration occurs, the question as 
to where this takes place is of interest. The polarity which exists 
in the intact plant is frequently manifested in regeneration. Tims 
shoots tend to appear at the apical end and roots at the basal end 
of portions of stems, while the opposite distribution is found in roots. 
In more lowly-orgamsed plants polarity is often apparent in the re- 
generative process, as when each of the single cells separated from a 
CladojjJwta forms a colourless rhizoid at the base and a green filament 
at the apical end. 

This ■ contrast of base and apex does not appear in regeneration 
from foliage leaves ; this may be connected with the fact that the 
regenerating leaf is not included in the new formation. Frequently 
a new plant arises at the base of the leaf, which then dies off. Some- 
times regeneration proceeds from the general surface of the leaf 
’(Torenia)^ but frequently the place of regeneration can be determined 
by cutting the lamina, the new plants forming above the incisions 
{Begonia, Fig. 258). 

The phenomena of regeneration have great importance in horticulture, since 
they allow of plants being rapidly multiplied without the aid of seeds. In 
artificial reproduction detached pieces of plants are made use of for the purpose of 
producing fresh complete plants. In many cases this is easily done, but in others 
it is more difficult or even impossible,. The favourite and easiest method is by 
means of cmTTiXGS, that is, the planting of cut branches in water, sand, or earth, in 
which they take xQot{0lea7id&r, ‘Pelargonium, Tradeseantia, Fuchsia, Willow, etc.). 
Many plants may be propagated from even a single leaf or portion of a leaf, as, 
for instance, is usually the case with Begonias. In other cases the leaves, while 
still on the parent plant, have the power to produce adventitious buds, and in 
this way give rise to new plants. The Dandelion possesses the capability of 
developing from small portions of the root, and to this peculiarity is due the 
difficulty with wdiich it is destroyed. 

(b) Elongation. — The meristematic primordia require to enlarge 
and unfold ■ before they can become functional, -and this increase of 
size is effected in a peculiar and economical fashion. It results 
mainly from absorption of water from without. Organic material 
is of course required for the extension of surface of ‘the cell walls, 
but there is no need of ’an increase in protoplasm during the enlarge- 
ment. There is a great difference in this respect between the growth 
of a plant and a typical animal ; nothing corresponding to this phase 
of elongation is met with in the latter. 
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The mcristematic cells of the growing point contain considerable 
amounts of imbibed water in the wall and protoplasm. As absorp- 
tion of water froin wifchoiit continues, a distin becomes evident 
between the fuHj-saturated protoplasm and the vacuoles filled witli 
a watery solution; this leads Ultimately to the single large central 
vacuole or sap-cavity surrounded by the peripheral layer or sac of 
protoplasm (cf. p. 12, Fig. 3). It has been already seen (p. 225) 
that tlie vacuole is the seat of osmotic forces ; the turgidity of the 
ceil is essential to the growth in suidace of the cell %vall. 



Fig. 2r)S.-~Tjeaf’ of Begonia usen u.s a cutting and bearing regenerative shoots. (After Stoppel.) 

Cells iu which the turgescence has beeix destroyed by plasniolysis (p. 226) 
exhibit no further growth, and it might be concluded from tliis that the mechanical 
distension of the wall assists or renders possible its growth. ISTo clear corre- 
spondence between distension and growth can, however, be assumed to exist. More- 
over, the pressure of turgescence cannot be replaced by mere mechanical stretch- 
ing of the wall. The protoplasm plays the main part in the growth in surface 
of the cell wall, and in connection with this it can be understood how the walls 
of cells that are only slightly distended may grow rapidly. 

Eegarding the processes in the growth of cell wall which are termed apposition 
and intussusception, what is necessary has been stated on p. 35. In growth in 
surface due to plastic stretching without addition of material, followed by the 
addition of new layers to the wall, the stretching due to turgor appears as a 
natural preliminary to the growth. In the case of growth by intussusception the 
turgor pressure appears less necessary. 

With the increased absorption of water following qn the growth of the wall 
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the cell sap must become more dilute. This does not actually occur owing to the 
power of the growing cell to regulate the osmotic j)ressure of the cell sap. The 
pressure can be increased by the transformation of sugar into organic salts ; thus, 
for example, by a change of glucose into oxalic acid the osmotic pressure can be 
trebled. On tlie other hand, the pressure can be lessened, e.g. by complete 
combustion of sugar in respiration. 

Besides tlie expansion in the longitudinal direction, expansion in 
a transverse plane (growth in thickness) has to be considered. The 
diameter of the mature root or stem is often considerably greater than 
that immediately behind the growing point. As' has been seen on 
p. 140, a distinction is drawn between primary and secondary growth 
in thickness. Only the primary growth in thickness is a phenomenon 
of the kind tliat is here being considered. In secondary growth new 
meristematic cells are formed from an intercalary meristem or cambium, 
and only later pass into a phase of expansion. 

Tissue Tensions. — The expansion of the cells in length and 
breadth does not always take place uniformly and simultaneously in 
the whole cross-section of an organ. It is usual to find that, in 
growing stems for instance, the pith strives to expand more strongly 
than the peripheral tissues. Since no breach of continuity between 
the two regions is possible, a state of tension (tissue tension) results. 
The pith expands the cortical tissues and these compress the pith ; 
the actual length of the organ is the resultant of these antagonistic 
tendencies. If the tissues are artificially separated, each assumes its 
own specific length ; the pith elongates and the cortex contracts and 
the tension disappears. 

The tissue tensions which occur generally in growing organs may he demon- 
strated in this way. In a sunflower shoot the j)ith is separated for some 
distance from its connections to neighbouring tissues by means of a cork-borer. 
On withdrawing the cork-borer the cylinder of pith projects for some distance from 
the cut surface of the stem (Fig. 259, 1). If a similar shoot is split longitudinally 
the two halves curve outwards owing to the elongation of the pith and the 
contraction of the epidermis. Even in the case of hollow shoots such as the stalk 
of the inflorescence of the Dandelion {Taraxacum) a tension exists between thc^ 
outer and inner tissues which is expressed by curvatures when the stalk is split 
longitudinally (Fig. 259, 2a). If the stalk after this treatment is placed in water 
the curvature increases considerably (Fig. 259, 2h), 

Tissue tensions also occur in leaves and roots. The tensions need not he in the 
longitudinal direction alone ; there are also transverse tensions. Thus, for example, 
the rind of trees which increase in thickness by secondary growth is considerably 
stretched in the tangential direction. On being separated from the wood it there- 
fore contracts. 

The tissue tensions gradually arise at some distance from ^ the 
growing point when the expansion of cells' is commencing, and as a 
rule they again disappear in the fully-grown zone, though they persist 
in the case of some organs. They are of great importance for the 
rigidity of growing tissues ,* they increase , the rigidity given by the 
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tiirgescenee of the individual cells. The tissue tension presents a certain 
resemblance tr) the tux*gescence of the cell ; this is most evident in the 
tj'pical stem. Just as the cell sap distends the ceil wall by its osmotic 
pressure, the expanding pith stretches the cortical tissues. Increased 
resistance to deformation and increased rigidity result from the 
stretching of the cortex, just as they do in the cell from the stretching 
of the wall 

The tissue tension ceases as all the cells attain the permanent 
mean length dictated by the size of the organ. Sometimes, however, 
certain cells after attaining their greatest 
length exhibit a considei’able contraction 
associated with an alteration in shape. 

This occurs often in roots when the tissues 
of the cortex and of the central portion 
are thrown into folds by the contraction 
of the tissue that lies between them. The 
significance of this contraction of roots, 
which may lead to a shortening of the 
fully-grown structure by 10-70 per cent, 
is very great. Thus it is due to it that 
the leaves of many rosette plants,’’ in 
spite of the continued growth in length 
of the stem, remain always appressed to 
the soil. It determines and regulates the 
penetration of many tubers and bulbs to 
a definite depth in the soil. It increases 
the fixation of the plant in the soil, since 

greater stability results from tense than and the pith separated .from the 
from slack roots peripheral tissues by means of a 

/ V T X , m, cork- borer. Stalk of the in- 

(e) Internal Differentiation.— The florescence oi Taramcm, split 
cells of the typical growing point maintain longitudinally by two incisions at 
their power of growth and division ; they ' angles to one anotimr; a, 

are termed meristematic ceils. Ali organs mersion in %¥ater, 
composed of such cells have in principle 

the capacity for unlimited growth. Embryonic tissue is found not only 
at the growing points, but in the secondary meristems (j). 47). 

A portion of the meristematic tissue, or the whole of it in the case 
of organs of limited growth, becomes transformed into the somatic 
cells of the permanent tissues ; in these growth and cell division cease, 
and sooner or later death ensues (p. 309). 

The internal development of an organ commences close behind the 
growing point and lasts for a longer or shorter time. While the full 
development of hairs is frequently very rapid, the definite form and 
structure of the internal tissues is often only completed after the phase of 
elongation is ended. When secondary growth in thickness takes place 
there is no termination to the internal development. The development 
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of tlie “permanent tissues ” from the primary and secondary meristems 
has been described in the morphological section. Here it is oidy 
necessaiy to recall the fact that the following processes are con- 
cerned ; in the first place the formation of cells by cell division which 
takes place in the embryonic tissues and at the commencement of 
elongation; following on this the separation of cells which gives rise 
to intercellular spaces ; the independent growth of the individual cells; 
thickening and chemical changes of the cell walls ; modifications (and 
eventually in some cases the complete disappearance) of the cell 
contents ; and lastly fusions of cells (cf. p. 44). 

In the arrangement of the tissues the same symmetry, which is 
apparent in the external form of the organs of the plant, is seen ; the 
internal structure of the organs is thus radial, bilateral, or d or si ventral. 


11. The Factors of Development 

In attempting to determine the factors which influence development 
it is necessary to treat of examples which show in characteristic fashion 
the effect of particular factors. Completeness, either in the enumera- 
tion of the factors or as regards their influence, is out of the question. 
It is advisable to select the simplest influences when possible, since 
more complicated cases reyiire further investigation. As in other 
cases the factors may be divided into the two groups of external and 
internal factors. 

A. External Factors 

All the forces and substances which have been seen to be 
physiologically effective in the metabolism, or which play a part in 
movements, are among the external factors of development. 

Certain external factors were mentioned on p. 218 as general 
conditions of life ; without these it is evident that no development 
would take place. These, and other factors which are not necessary, 
exert a profound influence on growth. Quantitative and even quali- 
tative changes in the organs of plants may be educed by variation in 
the intensity, quality, or direction of such factors. These influences, 
in which the connection between cause and effect is always compli- 
cated and involves stimulation of the protoplasm, are termed 
formative, 

1. Temperature. — As in the case of metabolism it is found that 
a certain temperature is a necessary formal condition of growth. 

There is complete cessation of growth at a temperature less than 
O'" or higher than 40''-50®. , Between the minimum and maximum 
temperatures, at which growth ceases, there lies an optimum tem- 
perature at which the rate . of growth is greatest. This optimum 
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temperature usually lies between 22° and 37° C. Plants inhabiting 
ditferent climates exhibit considerable differences in regard to the 
cardinal points for temperature (cf. p. 219). 

That the different individuals of the same 
species may show great differences in the 
dependence of the phase of elongation on tem- 
perature is seen in the unequal development of 
the buds of the Horse-chestnut, etc., in spring. 

Even in the same individual the processes of 
growth in the different organs are .variously 
inffuenced by the temperature. 

Ill tropical plants the minimum temperature may be 
as high as + 10° 0,, wlii,le those of higher latitudes, 
where the first plants of spring often penetrate a covering 
of snow, as well as those of the higher Alps and polar 
regions, grow vigorously at a temperature but little 
above zero. Many of our spring plants show that the 
opening of their flowers can take place at a lower tempera- 
ture than the unfolding of the foliage leaves. 

2. Light. — The growth of a plant is rarely 
so strictly limited to a particular illumination as 
to a particular temperature. There are, however, 
some oi'gans in which growth commences only 
after a certain intensity of light has been experi- 
enced; some seeds (p. 305) and ail parts of plants 
which are normally exposed to light can only 
continue their development when this is present. 

Long-continued darkness produces an abnormal 
growth, in that the normal correlation between 
different organs is disturbed ; the growth of 
certain organs is unduly, favoured, and of others 
greatly retarded. In darkness the yellow pug- 
men t of the chloroplasts but not the chlorophyll 
is formed. The stems of Dicotyledons, in such 
cases, become unusually elongated, also soft and. 
white in colour. The leaf-blades are small and 
of a bright yellow colour, and remain for a long time folded in the bud 
(Bdg. 260 E), A plant grown under such conditions is spoken of as 
ETIOLATED. 

The elongation of certain organs and simultaneous reduction of otliers has 
an ecological significance in nature in the case of seedlings and rhizomes which 
are growing in the dark. The parts which ai’e functional only in the liglit remain 
at first undeveloped, and the constructive material for them and especially for 
the clilorophyli is economised. The great elongation of the other organs which 
is -mainly de})endent on an accumulation of water brings the parts that need it 
as soon as possible into the light. 



Fio. 260. — Two seedlings of 
Sinapis (dha of equal age, 
E, Grown in the dark, 
etiolated ; X, grown in 
ordinary daylight, normal. 
The roots bear root-hairs. 
(After Noll.) 
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Comparison of an. etiolated plant with one grown in the light shows 
that the influence of light is not the same on all organs ; it may 
either increase or arrest the growth. While, however, the action 
of light ill arresting the growth of the stem increases with the 
intensity, the increase of the growth of leaves due to the light has 
a limit ; the leaf attains its maximal size in light of moderate intensity. 
It is a one-sided view of the growth in length of the stem., and the 
resulting height of the plant that is expressed by the statement, 
‘Hhe efiect of illumination is to retard growth.” In these organs, 
and in others that behave similarly, the efiect of light is found 
to be much less simple. It appears rather, as is shown by the 
accurately- investigated case of the coleoptile of Avena, that light 
first accelerates and then retards grow^th, and that both influences 
increase with the intensity of the light. With every increase in 
the illumination there is first acceleration and then retardation of 
growth, while on darkening the plant there is retardation followed by 
acceleration (^^). 

The effect of the component rays of white light appears to be still 
less simple. When light is arresting the elongation of the stem it is 
the blue and violet rays of short wave-length that are effective, wdiile 
the red rays behave in the same way as darkness. Other processes 
of growth, however, are influenced differently. The germination of 
the spores of certain ferns is accelerated by red light, while blue 
light hinders it even more than darkness. Spores germinated in red 
light produce greatly elongated cells w^hich only become divided by cell 
walls in blue light The complicated nature of the phenomena 

is in part explained by light acting both as a stimulus to growth and 
as a source of energy. Ultra-violet light injures the plant ; radium- 
and Kontgen-rays retard, but, like poisons (p. 29 4), may when in 
small quantity promote growth (^®). 

In addition to the intensity and the quality of the light, its 
direction greatly influences the form of the plant body. The 
curvatures due to one-sided illumination (phototropism) will be dealt 
with later in connection with the phenomena of movement. The 
illumination may also influence the polarity and symmetry of the 
plant. Thus in some simply-organised plants the more strongly 
illuminated side of the cell from which development starts becomes 
the apex and the other side the base. In other cases an originally 
radial growing point becomes bilateral or dorsiventral under one- 
sided illumination. Lastly, an organ which has passed the embryonic 
stage may become dorsiventral, as in cases where roots form on the 
shaded side only. When it is possible to experimentally transform 
the external symmetry the internal structure is also as a rule altered, 
the connection between the two being very close. ^ 

In the germination of the spores of Equisetum^ the first division wall, and with 
this the distinction of apex and base, is determined by the direction of the light. 
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A similar influence of liglit on the polarity is shown by the egg-cells of Fums and 
Dietfiota. 

AntUhmmioii cruciatum, one of the Florideae, forms decussately-arranged 
branches ^vhen in diffused light ; on one-sided illumination the branches all stand 
in one plane at right angles to the direction of the rays. Further examples of 
dorsiveiitrality induced by one-sided illumination are afforded by the branches of 
many Mosses, the thalli of most Liverworts, and the prothalli of Ferns ; these 
structures in the absence of such illumination are sometimes radial and in other 
cases bilaterally symmetrical. In fern prothalli and the thalliis of Marcliantia 
the dorsal side is determined by the stronger illumination. In the case of the 
prothalli, when the lower side is illuminated, the new growth is adapted to the 
altered direction of the light and the former upper side becomes the lower ; in the 
Ilklarchantiaceous tliallus, on the other hand, the dorsiveiitrality once induced 
cannot be changed. The shoots of Ivy and other root-climbers in which the 
climbing roots are produced on the shaded side may be cited as an example of 
dorsiveiitrality induced by light in the higher plants. 

Comparison of an etiolated and a normal plant shows tliat influence of the 
intensity of the light under which the plant lias grown extends to the internal 
structure. The tissues of the etiolated plant are less differentiated and thickened 
cells are wanting. A less complete contrast than between light and darkness 
may be effective. Shad e-leaves- have a very different structure from the leaves 
of the same species developed in full sunlight. They are thinner, their palisade 
cells narrow below, leaving wide intercellular spaces between them, and form only 
a single layer ; in sun-leaves the palisade cells are longer and form several layers. 

Alpine plants, the illumination of which differs in duration, intensity, and 
composition from that in the plains, differ in their whole habit from lowland 
plants. Their vegetative organs are contracted, while the flowers are large and 
brightly coloured. Other factors than light are concerned in this change. 

3. Gravity. — A plant can readily be removed from the light but 
gravity is always acting upon it. It is only possible to change the 
direction of its action. When the direction of the action of gravity 
coincides with that of the main shoot and root of the plant no effect 
is perceptible^ when it forms an angle with the line of these organs 
curvatures are produced (see Geofcropism), as in the case of illumina- 
tion from one side. Apart from these curvatures an action of 
gravity on the polarity of the plant is established ; this does not 
amount, however, to inversion or to the transformation of the shoot 
into a root. There is no case of the polarity of the undifferentiated 
egg- cell being altered by gravity; this is always determined by 
internal causes, though gravity may have a modifying influence. 

If twigs of Willow are cut and suspended in a moist chamber roots form near 
to the lower end, while only the buds situated near the other end expand into 
shoots (Fig. 261, 1). If the twig is hung in the inverted position it is the 
corresponding buds at the end which is now lowest which still give rise to shoots, 
while the strongest roots are produced near to the lower end which is now upper- 
most (Fig, 261, 2). This experiment shows that internal causes mainly determine 
the contrast of the two poles. Since, however, in the inverted position there is a 
displacement downwards of root-formation and upwards of the unfolding of the 
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buds gravity must also play a part. It has, however, in no case proved possible 
to effect a complete and lasting inversion of the polarity’ of a plant in this way ; 
while such inverted plants may live for a considerable time, they exhibit serious 
disturbances ill their anatomical construction 

An effect of gravity on the internal disposition in also seen in the case of 
obliquely or horizontally placed branches. The tendency of the internal disposition 
is to cause the uppermost buds to develop and give rise to long 
shoots. On branches displaced from the vertical the basal buds are 
favoured and the more apical buds arrested. When the branch 
is curved the strongest branches arise at the highest point of the 

curve. In the cultivation of vines 
and fruit trees this peculiarity is 
utilised to produce shorter and 
weaker shoots (short shoots), 
which experience has shown are 
those that bear the flowers. 

4. Mechanical In- 
tiuenees. — - Pressure and 
traction exert a purely 
mechanical influence upon 
growth, and also act as 
stimuli upon it. External 
pressure at first retards 
growth; it then, however, 
stimulates the protophitsm 
and occasions the distension 
of the elastic cell wMls, and 
frequently also an increase 
of turgor. As a consequence 
of this inci'eased turgor, the 
counter-resistance to the ex- 
ternal pressure is intensified. 
If the resistance of the body exerting the pressure cannot be overcome, 
the plasticity of the cell walls renders possible a most intimate contact 
with it; thus, for instance, roots and root-hairs which penetrate a 
narrow cavity fill it so completely that they seem to have been poured 
into it in a fluid state. It would be natural to suppose that the efihet 
of such a tractive force as a pull would accelerate growth in length by 
aiding and maintaining turgor expansion. But the regulative control 
exercised by the protoplasm over the processes of growth is such that 
mechanical strain first acts upon growth to retard it, but then causes 
an acceleration of even 20 per cent. 

Other actions of raeclxanical influences as stimuli may be mentioned. Lateral 
roots arise only from the convex sides of curved roots (Fig. 262), the cause lying 
probably in the differences of tension between the two sides. The primordia 
of tlie haustoria of Gusmta and thevadhesive discs on the tendrils of some species 
of ParthenocissiLS are caused to develop by the stimulus of coNTAO'r. 



Fig, 261.— Twigs of Willow : 1, in the iiornial position ; 2, 
in the inverted position growing in a moist chamber. 
(After VocHTiNO.) 



If meclianicai effects lead to wounding the result may be the 
phenomena of healing (p. 164) or restitution (p. 282). 

5. Chemical Influences. — The presence of the necessary nutrient 
substances in sufficient quantity and the absence of poisonous 
su])stauces are formal conditions for growth. While it is known that 
particular, essential, nutrient materials are not replaceable by an 
excess of others, some substances may be of special importance in 
particular processes. Since elongation is essentially clue to the 
introduction of water, the signifi- 
cance of the water supply to a 
growing plant is obvious. Growth 
often ceases when there is not 
sufficient water in the soil. Even 
a diminution in the humidity of 
the air may arrest growth by 
increasing transpiration. Some 
plants, however, can store water, 
and are therefore more inde- 
pendent of its direct absorption. 

They grow at the expense of the 
■ stored water, and can often with- 
draw the water from older portions 
so that these wither while growth 
goes on at the apex, as is shown 
by potatoes sprouting in a dark 
cellar. Plants in damp situations 
are usually larger than those 
grown in dry places, and in fact 
may differ from them in their 
whole habit and mode of growth. 

A local excess of water in the 
plant, such as may be brought 
about by arresting transpiration 

by a coating of paraffin oil, may lead to various departures from the 
normal structure 

A striking stimulus -effect results from permanent contact with 
lirpiid water in such plants as can endure this. This is doubtless the 
result of the combined effect of a number of factors and not simply to 
the material effect of the water. Thus both the arrest of transpiration 
and the change in the illumination are of importance. 


Pig. 262, --Young plant of Lupine, the main root of 
which has heconie curved. The lateral roots 
have arisen on the convex faces of the curves. 
(After Noll.) ' 


Amphibious plants, tliat is such as are capable of living both upon ]and and 
in water, often assume in water an entirely different form from that which they 
possess in air. This variation of form is particularly manifested in the leaves, 
wdiich, so long as they grow in water, are frequently linear and sessile or finely 
dissected, while in the air their leaf-blades are much broader and provided with 
petioles (of. Fig. 128). The leaf-stalks and internodes also often exhibit a very 
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different form in air and water, and undergo the vSame abnormal elongation as in 
darkness. This is especially noticeable in submerged water plants, whose organs 
must be brought to the surface of the water (stem of H^fpuris^ leaf- stalk of 
JSfymphaea). vSuch plants are enabled by tliis power of elongating their stems or 
leaf- stalks to ada])t themselves to the depth of the water, remaining sliort in 
sliallow' wvater and becoming very long in deep water. 

The water- forms also differ from the land-forms in their internal structure. 
Thickened cell avails are frequently absent from the stem, and the vascular bundles 
are reduced; the leaves resemble shade - leaves. The most marked contrast to 
water plants is presented by such land plants as are exposed to in sufficient w^ater 
su])ply or too active transpiration. In these the vascular bundles are strongly 
developed, while the epidermis lias the arrangements w'hich have been considered 
under the means of protection against excessive transpiration, 

III addition to the true nutrient materials which are employed 
in the construction of the substance of the plant, oxygen requires to 
be mentioned. Although its entry into the plant is connected with a 
loss of organic substance, it is quite indispensable for growth on 
account of the need of respiration. In aerobic plants at least, growth 
ceases completely on the withdrawal of oxygen ; a diminution or 
increase of the proportion of oxygen in the air also influences growth. 

Stimuli of the most various kinds proceed from substances acting 
on the plant. 

Poisons must first be mentioned ; these are substances which in very dilute 
solutions arrest growth and ultimately life. Thus even in a dilution of 1 in 
25,000,000 copper sulphate kills such Algae as Bpirogyra and also peas in water 
cultures. It is a striking fact that many poisons wffien in extreme dilution have 
a stimulating effect on growth. Chemical stimuli due to other substances play a 
large part in the germination of many seeds, spores, and pollen grains, and in the 
development of fruits. Some pollen grains only germinate when they obtain traces 
of substances wdiich are present on the stigma. Many parasitic fungi and also 
parasitic Phanerogams {Orobanclie^ Lathrea) are stimulated to develop by unknown 
substances proceeding from their hosts. In Algae and Fungi high concentration 
of some food materials may give rise to striking changes in form. 

6. Influence of Foreign Organisms. — Fungi and Bacteria living 
parasitically in flowering plants often cause profound deformations 
that are known as galls (^^). In the simplest cases there is merely a 
hypertrophy of cells, while in more complex ones there are qualitative 
changes in the organ. Still more striking gall-formations are caused 
by animals, especially insects. Outgrowths form, which serve the 
parasites for protection and food. The structure of the gall appears 
purposive when considered from the side of the parasite, the protective 
layers and nutritive layers of the gall being without significance for 
the plant. 

Euphorbia Gyparissias, when attacked by a rust fungus {Aecidium EupJio7'hiae), 
becomes sterile, remains unbranohed, has shorter and broader leaves, and in its 
whole appearance is so changed as scarcely to be recognisable. Plant lice some- 
times cause a flower to turn greenij so that instead of floral leaves green foliage-like 
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leaves ai^pea-r. Aiiotlier peculiar example of abnormal growths is afforded by the 
GALLS or CECIL [A pu’oduced on plants by. Fungi, or more frequently by insects, 
worms, and arthropods. The effect of these formations on the normal develo})nient 
of the tissues of a ]_)lant is more or less disturbing, according to their position, 
whether it be in the embryonic substance of the growing point, in the tissues still 
in course of differentiation, or finally in those already developed. Galls which are 
products of abnormal tissue formation are termed histoid, while obganoid galls 
depend on the transformation or new formation of members of the plant body. 
Tlio latter are especially instructive. The larvae of Oecidomym rosaria live in the 
growing points of Willow stems, and occasion a malformation of the whole shoot 
by the production of galls, known as ** willow -roses,” which are composed of 
modified leaves and axes. Flies (Diptera) often deposit their eggs in the tissues of 
partially-developed leaves, in consequence of which the leaves become, according 
to their age when attacked, more or less swollen and twisted. After the leaves of 
the oak have attained their full growth they are often stung by a gall- wasp of the 
genus Cynips. The poison introduced by the sting, and also by the larvae hatched 
from the eggs deposited at the same time, occasions at first only a local swelling of 
the leaf tissue, which finally, however, results in the formation of yellow or red 
spherical galls on the lateral ribs on the under side of the leaf. 

Symbionts, i.e, associated, mutually-beneficial organisms, neither 
of which can he regarded as the host, may influence one another 
formatively. This is seen, foj example, in Lichens. 

It is probable that chemical substances play an important part in 
the influences exerted by one organism on another. It is true that 
only in rare cases have deformations resembling galls been brought 
about by the action of dead substances extracted from the normal 
inhabitant of the gall. Parasites which do not give rise to galls 
probably act on the host plant by poisonous substances. On the other 
hand, the host plant by forming anti-bodies may injure the parasite or 
prevent its entrance. Thus Heinricher has shown that some kinds 
of pear-tree are readily infected by the mistletoe and others only with 
difliculty; he has also shown that probably one infection by the 
parasite renders the host more resistant to artificial infections. There 
are thus phenomena of immunity in the vegetable kingdom, though 
they have not been nearly so thoroughly investigated as in the case of 
animals 

7. Purposiveness of the Reactions to External Factors. — It has 
been seen that the form and {structure of the plant is influenced in a 
regular fashion by many external factors. While some of the resulting 
changes are without importance to the plant or, as in the case of galls, 
are only of use to the organism causing the change, the majority of 
reactions to external stimuli are remarkably purposive, ie. they are 
of use to the plant. Examples are afforded by the elongation in 
etiolation, the characteristic development of amphibious plants in 
water and on land, the increase of protections against transpiration 
with the greater dryness of the atmosphere, etc. ; these purposive 
reactions are termed adaptations. How it, comes about that the 
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plant frequently reacts in a purposive fashion will not be considered 
here (cf. p. 212). • 

B. Internal Factors 

When a change occurs in an organism while all the external factors 
remain constant it must be referred to internal factors. The latter 
cannot be so readily analysed as the external factors, so that the 
reference of many phenomena to internal factors is frequently little 
more than a statement of our ignorance. 

1 , Determinants. — The determinants which a plant has derived 
from its parents are the first internal causes to be mentioned ; it is 
these that lead to the regular origin of a fungus from a fungal spore 
or of a bean-plant from a bean-seed. In particular they determine the 
agreement of all the individuals of any species, when under the same 
external conditions, in such characters as the colour of the flower, 
form of the leaf, size, etc. It is not as a rule possible to experimentally 
alter the determinants possessed by a species, and they cannot be 
ascertained by direct observation On this account further considera- 
tion of them may be deferred until heredity is treated later. 

2. The Phenomena of Cornelation (^^). — While external factors 
have a profound influence on the internal structure of plants the 
differentiation of tissues proceeds under quite constant external con- 
ditions ; it is thus determined by inteimal causes. We do not know 
what is the nature of the particular causes that force a meristematic 
cell into a definite course of development. Only one thing is certain ; 
from every cell of the growing point everything might arise, all the 
cells agreeing in their determinants. It is the mutual connections or 
correlations between the cells that lead to the lines of development 
followed by this and that cell. When these connections are removed 
it has been seen in the phenomena of reparation (p. 282 ) how cells 
exhibit quite other capacities than those they had previously shown 
when in connection with one another. This applies to mature as well 
as meristematic cells when their connection with neighbouring cells is 
interfered with. Thus in the process of regeneration (p. 282) it has 
been seen how fully-grown cells that would soon have perished again 
become young, and how, for example, from a single epidermal cell all 
the various cells characteristic of the particular plant can be derived. 
It is clear that an organism in which such mutual action of the cells 
was lacking could not exhibit the division of labour that is customary 
in the higher plants. In other words, correlations must be reckoned 
among the '^regulations without which the organism is inconceivable. 

Such correlations exist between the externally visible organs of 
a plant as well as between its cells. This, if not as a rule evident, 
becomes apparent when an organ removed and the reactions of the 
isolated organ and of the plant from which it was taken are studied, 
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or when an organ is experimentally brought into a position it did not 
previously . occupy. 

The first result of the removal of an organ may bo the appearance 
of so-called eoMPENSATiONS ; other remaining organs become larger. 
The leaves which arise at the growing point prevent older leaves 
attaining their maximal size, and if the growing point is removed the 
size of the leaf may be increased {e,g, in the tobacco plant). The 
active development of some of the axillary buds hinders that of many 
others ; if the dominant shoot is removed the resting buds commence 
to grow. The conclus-ion may be drawn that even in normal develop- 
ment the size of the organs is determined by correlative influences 
from neighbouring organs. In other cases a qualitative effect 
follows the removal of an organ. If the tip of a Pine is removed, its 
place is taken by one of the adjacent lateral branches, wdiich assumes 
the erect position and shows the same leaf arrangement as the original 
main shoot. It appears that the usual oblique position and dorsi- 
ventral arrangement of’ the foliage on the lateral branches comes 
about under the influence of the main shoot. In this and many other 
cases of correlative influence it is not necessary that the organ should 
be removed ; as a rule it is sufficient to interfere with its normal 
action, as for example by embedding it in plaster of Paris. 

It has been shown in treating of restitution (p. 282 ) that new 
roots or shoots may be produced on isolated organs. Thus the 
members of the plant, like every cell, are originally capable of further 
development in a number of directions. It is their mutual influence 
that serves to control this. 

The effect of correlation is also sho'wn when an organ is trans- 
planted to a new position. By methods of transplantation, which 
have been derived from horticultural practice, it is easy in the case of 
many plants to make a separated part grow in relation to a wounded 
surface. The separated part is termed a graft, -while the plant upon 
which it is inserted is called the stock. The graft may be of the same 
species as the stock, or from a related kind of plant. One correlative 
influence which is apparent is the suppression of regeneration on the 
part both of the stock and the graft. The latter adopts the root- 
system of the stock, while the stock in turn adopts the shoot-system 
of the graft ; there is no necessity for the formation of new organs. 

Artilicial grafting, like artificial propagation, plays an important part in 
horticulture. Separated shoots bearing buds serve as the grafts or scions, and are 
caused to unite with a rooted plant as the stock. In this way it is possible to 
obtain examples of considerable size of a race or species more rapidly than by 
seeds or b^^ artificial propagation. In practice several different methods of insert- 
ing grafts are in use, but only the more important can be mentioned here. 
Grafting is the union of a shoot with a young and approximately equally- 
developed wild stock. Both are cut obliquely with a clean surface, placed 
together, and the junction protected from the entrance of water and fungi by 
means of grafting wax (Fig. 263 JZ). Cleft or tongue grafting is the insertion of 
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weaker shoots in a stronger stock. Several shoots are usually placed in the- 
cut stem of the stock, care being taken' that the cambial region of the different 
portions are in contact, and that the cox'tex of the shoots is in contact with that of 
the stock. Ill other methods of grafting, the cut end of tlie shoot is split longi- 
tudinally and the cut shoot is inserted in the periphery, or a graft may be inserted 
in the cortex oi* in the side of the stock. In grafting in the cortex the Ilatly-cut 
shoot is inserted in the space out between the bark and the splint wood (Fig. 263 
J), In lateral grafting, the shoot, after being cut down, is wedged into a lateral 
incision in tbe stock. 



Fig. 263.— Different modes of grafting. I, Crown grafting ; II, splice grafting ; III, bud grafting. 

W, Stock ; E, scion. (After Noll.) 

A special kind of grafting is known as budding (Fig. 263 III), In this process 
a hud (^‘ eye ”) and not a twig is inserted under the hark of the stock. The “ eye ’’ 
is left attached to a shield-shaped piece of bark, which is easily separated from 
the wood when the plants contain sap. The bark of the stock is opened by a 
T-shaped cut, the **6ye” inserted, and the whole tightly covered. Occasionally 
some of the wood may he detached with the shield-shaped ihece of bark (budding 
with a woody shield). In the case of sprouting buds, the budding is made in 
spring j in dormant buds, which will sprout next year, in summer. 

The union is accomplished by means of a callus (p. 164), formed by both the 
scion and the stock. Yessels and, sieve -tubes afterwards develop in the callus, 
and so join together the similar elements of the two parts. Such an organic union 
is only possible between very nearly related plants : thus, for example, of the 
Amygdalaceae, the Plum, Peach, Almond, and Apricot may readily be grafted one 
upon the other ; or of the Pomaeeae, the Apple with the Quince ; but not the 
Apple with the Plum, nor (as has been asserted) with the Oak. 
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The polarity whicli is noticeable in phenomena of regeneration also influences 
the practice of grafting. Unlike poles of a plant may readily be induced to grow 
together, while like poles may only be brought to do so with difficulty, and then 
do not develop vigorously. 

The stock and graft influence one another in a variety of ways. 
For example, portions of annual plants grafted on perennials attain an 
extended period of life ; the opposite eifect, a shortening of the life 
of the graft, may also result from grafting. Qualitative changes may 
also be brought about and may go so far as to lead to a vegetative bud 
of the graft becoming transformed into a flowering shoot. The specific 
properties of the two components are, however, maintained in cases of 
transplantation. Certain cases known as chimaeras appear at first 
sight to constitute an exception to this statement ; fuller investigation, 
however, sho^vs that while externally they appear intermediate forma- 
tions between the symbionts in the graft, no mingling of the specific 
characters has taken place, 

Chimaeras — ^Some plants grown in Botanic Gardens under 

the names Laburnum Adami -and Gratmgomespilus suggest in a number 
of ways comparison with hybrids (p. 317), but have undoubtedly not 
arisen by sexual reproduction. Laburnum Adami (Fig. 264) is inter- 
mediate between Laburnum vulgare and Qytisus yurpureus ; it frequently 
develops branches which' can only be regarded as ‘‘reversions'^ to 
Laburmim mlgare, and less commonly others that completely resemble 
Cytisus purpureus. Certain intermediate forms between Crataegus 
monogyna and Mespihis gerrnanica are known as Crataegomespilus or 
Bronveaux hybrids. The origin of these is known. The intermediate 
forms, of w^hich several are known differing from one another, arose in 
the region of a graft of Mespihis on Crataegus in a garden at Bronveaux 
near Metz. It can be regarded as certain that the origin of Ijahurmm 
Adi mi was similar. Both plants have therefore been regarded as 
graft hybrids, ie, as hybrids not resulting from the union of sexual 
cells, but by some influence of vegetative cells on one another. 

More recently Hans Winkler has produced such “graft hybrids" 
experimentally. He grafted Solanum nigrum^ the AVoody Nightshade, 
on Solanum Lycopersicum, the Tomato, and after union had taken place 
cut the stem of the stock transversely at the level of the graft. 
Among the adventitious shoots which developed from the region of 
junction of the two components there occurred well-marked inter- 
mediate forms. In the first instance there were forms which were 
composed of longitudinally-united halves with the characters of the 
grafted plants ; these were termed chimaeras by Winkler. Later 
there were obtained other intermediate forms, externally uniform 
(Fig. 265), which appeared to be, the desired graft hybrids. Closer 
investigation showed, however, that these also were to be regarded ’ 
as chimaeras, since they consisted of parts of the Tomato and the 
Nightshade intimately united in growth but otherwise unchanged. 
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They were not longitudinally-united halves, however, but inner and 
outer layers of the growing point were formed of tissues of the two 
different species (cf. pp. 307 and 86). These have therefore been termed 
periclinal chimaeras in contradistinction to the sectorial chimaeras in 
which longitudmal segments are evident. 

CytistiB Adami and the Crataegomespili are also periclinal chimaei*as. 
True graft hybrids in which a mingling of the specific characters in a 
single cell has resulted from grafting are as yet unknown. 

Solamim tulingesQ has the dermatogea of the Tomato, while the internal 
tissues are those of the Isightsliade. The eon verse is the case for Solaiviim Kdlreic- 
terianum. In S. proteus the two outer layers are from the Tomato and the 
remainder from the Nightshade, while S, Gmrtnerimmm affords the converse 
condition (Fig. 265). In a corresponding fashion the dermatogen in Qytisus 
Adami is derived from Oytisus purpureus and the internal tissues from Laburnum 
vulgare. In one of the Bronveaux hybrids (the form A smeresii) a core of Crataegus 
is covered by the epidermis of Mespilus ; the other form {Dardari) has two or 
more enveloping layers from Mespilus, When adventitious shoots are developed 
from a single layer, these have the pure specific characters proper to the layer 
without any trace of admixture with the other symbiont. 

Nothing is known with certainty of the mode of origin of periclinal chimaeras, 
but it can liardly be doubted that the growing points of these adventitious shoots 
are composed of cells derived from the two components, the one forming the core 
and the other the surface layers. Winklbr’s contention that there were also 
true graft hybrids is doubtful, and this author’s own investigations show that 
the change in chromosome number in these plants is susceptible of another 
, explanation. Further, the association of specifically different nuclei in the one 
cell, so long as they do not fuse, does not constitute a true hybrid but only a 
cliimaera. vSuch a rnixo-chimaera, wdiich can again separate into its components 
vegetatively, has been experimentally produced in Phy corny oes nitens by 
Burgeff (^'^'0- 

IIL The Course of Development and its Dependence 
on External and Internal Factors 

The course of development consists of a succession of processes 
which tend to be repeated in the same order iu any particular kind of 
plant. Observations in nature suffice to show that this succession 
must be capable of modification. Deviations from typical form which 
are spoken of as monstrosities are not uncommonly met with. It is 
one of the objects of developmental physiology to ascertain the causes 
of such monstrosities, to produce them experimentally, and thus to 
arrive at some insight into the causes of normal development. 

Although there are at present few of the phenomena of develop- 
ment which can be controlled experimentally, the results obtained force 
the conclusion upon us that thjb typical course of development 
IS ONLY ONE AMONG A NUMBER OF POSSIBILITIES, THE OCCURRENCE 
OP WHICH IS DETERIMINED BY A PARTICULAR COMPLEX OF CAUSES. 
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Gaertnerianum Koelreuterianum Lycopersicum 

Fig, 265.— Graft ciiimaeras between Solanum nigrum and Solanum Lycopersicum. together with Uie parent forms. In each case a leaf, a flowei-, a fruit, and a diagram of tim growing point 
is represented. In the latter the layers derived from S. nigrum are coloured green, and those from the Tomato yellow. (Original by H. Winkleb.) 
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Every departure from this complex of causes will also find its ex- 
pression in the form of the plant 

Alterations of the normal form tend to be more extreme the 
younger the cells are which are influenced. When the embryonic 
substance of a growing point is diverted from its normal course of 
development, a quite different structure may replace the one which 
wnxs anticipated ; in other cases intermediate forms of more or less 
monstrous appearance are developed. The embryonic substance of a 
growing point is still capable of giving rise to all the primordia which 
are included in the range of form of the species, and thus a vegetative 
shoot may arise in place of a leaf ; in exceptional cases even the 
growing point of a root may continue its development as a shoot. 
On the other hand, the alteration of leaves that have commenced to 
develop is niaialy restricted within the limits of the metamorphosis of 
the leaf ; thus, for example, petals may be formed in place of stamens 
or carpels. The later the transforming influence takes effect on the 
primordium, the more incomplete will be its transformation. 

All anomalous formations and functions of plants constitute the province of 
PHYTOPATHOLOGY ; pathological morphology is concerned with the former. 
Monstrosities of external form are treated of under vegetablis tejiatology 
and the pathological alterations of the shape and contents of cells and tissues in 
the pathological anatomy of plants 

The development of an organism does not proceed always with the 
same activity or in continuous uniform growth. Usually periodic 
alterations are evident, resting periods alternating with others of 
active gi'owth. During the latter, cell divisions periodically take 
place, various forms of leaves and shoots arise, and reproductive organs 
are developed ; periodically also larger and smaller parts of the 
organism die off. 

A. Resting Condition and the Commencement of Growth 

Attention has already been directed to the fact that three distinct 
states may be recognised in the plant : active life, latent life, and 
death. It was further pointed out that all the manifestations of life 
are at -a standstill in the condition of latent life ; the activities 
of metabolism, even respiration, are suspended, and there are no 
indications of growth and movement. The capacity of development 
still remains, however, and this distinguishes latent life from death. 

Resting Condition. — The condition of latent life is met with in 
seeds, in the spores of some lower plants, and in many fully-grown 
parts and buds of plants during unfavourable periods of the year (cold 
periods, dry periods). It cannot be endured indefinitely by plants ; 
even seeds and spores in which it is most complete lose sooner or later 
the capacity of development and die.. In other cases, as in. the 
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unfertilised egg-cell, growth is suspended, but all vital activities are 
not suppressed. 

At first sight it appears as if the resting condition during an 
unfavourable season was caused thus. As a matter of fact, however, 
periodic cessations of growth are found in many tropical trees ; while 
temperature and water-supply continue favourable, the leaf formation 
does not proceed continuously, but is interrupted by resting periods, 
so that there are several periods of active growth in the course of the 
year. In our native plants also the entry upon a resting period is 
in no way determined by the low temperature. The unfolding of the 
leaves of many trees ceases completely in May or June. Further, our 
trees, -when transferred to a tropical climate, frequently exhibit a 
periodicity similar to the native plants of the new locality. These 
phenoniena are not interpreted in the same way by all investigators. 
On the one hand it is assumed that every periodicity in the growth 
of a plant is determined by a periodicity in the environment which 
need not be in the supply of moisture and warmth, but may concern, 
for example, the absorption of nutrient salts. On the other hand it 
may be assumed that plants possess a periodicity depending on 
internal causes, and that they become adapted to the seasonal 
changes in countries where such occur ; with us the resting period 
is the winter, while in other countries it occurs in the dry period. 
This does not hold for all plants, however. In our climate there are 
some herbs, such as Senecio milgaris^ which continue to grow throughout 
the whole year if the external conditions permit, and in the tropics 
plants which grow continuously also occur. 

The Oak, Beech, Apple, and Pear retain their resting period in the sub-tropical 
climate of Madeira, while under uniformly favourable conditions in the mountain 
regions of Java the periodicity may be disturbed in particular individuals. This 
even occurs in the several branches of the same tree, which may then bear leafy 
and leafless boughs at the same time (Oaks, Magnolias, Fruit, and Almond trees, 
together with some endemic species). Other trees gradually accustom ; them- 
selves to the new condifcious, as the Peach, for instance, which in Reunion has 
become nearly evergreen in the first generation and completely so in the second. 
It does not appear to be known how the periodicity of the unfolding of its buds 
has been affected. 

Commencement of Development. — The termination of the resting 
condition and the resumption of growth often depends only on the 
establishment of general conditions for growth. In other cases the 
resting condition is more fixed but may be sometimes shortened by 
particular stimuli. 

The germination of seeds takes place as a rule when the general 
conditions for growth are present, especially the necessary temperature, 
supply of oxygen, and water; but examples are not wanting in which 
special stimuli are requisite., Such special stimuli, usually provided 
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ill the process of fertilisation, are also concerned in removing the 
inhibitions on the growth of egg-cells. 

Some seeds pass tliroiigh a prolonged resting before they cominence to 

germinate. Tliey may lie for years in the soil, while others of the same age have 
germinated long before ; this in |)art depends on. the hardness of the seed-coat and 
the consecxueiit diiSculty of swelling. This also apxiears to be the main reason 
wl,iy the seeds of many aquatic plants (^) will not germinate in x>vre water, 
but do so on the addition of acids or alkalies. In some cases fully swollen 
seeds are unable to germinate except in the light (®‘). The red and yellow rays 
are usually more effective than more highly refractive rays, and a surprisingly 
sliort exposure to illumination msi.j {Lythrum salicwria^ -jlV second, at 

Hefner-Kerze intensity of illumination 730). Hot uncommonly the illumination 
may be replaced by a particular high temperature or by chemical stimuli. The 
latter play the chief part in the case of certain x>arasites which only germinate 
in the vicinity of their host {Orohmiche^ Tozzia), In other eases {e.g. 

Amo.rcmt'm) light hinders or delays germination, and darkness is an advantage. 

In the case of sjjores also germination may begin on the establishment of the 
formal conditions of growth or may require sx)ecial stimuli. 

A striking and fixed resting condition is seen in deciduous trees. 
At a certain season of the year, in the autumn or earlier, their buds 
can in no way be induced to expand. Later, however, a considerable 
shortening of their resting period may he caused not only by a higher 
temperature but by a number of stimuli such as frost, heat, dryness, 
darkness, illumination, ether vapour, acetylene, tobacco smoke, wound- 
ing, injection of water, etc. 

The awakening from the resting state is most readily effected sliortly before 
the normal resum])tion of activity, but almost as readily at an early period shortly 
after the period of rest has begun. In the intervening period of complete rest, 
attemx>ts at removing the inhibition on growth are usually without effect. These 
relations have to be taken into consideration in the forcing of x>laiits in horti- 
cultural x)ractice. 

The Stimulus of Restitution — The causes of the commencement 
of growth in the case of restitutions have also to be considered. The 
answer appears simple, since the phenomena as a rule follow on 
wounding. The fact, however, that processes that resemble restitu- 
tions are met with in the course of normal development shows that 
circumspection is required. Thus, for example, young plants are 
developed in the indentations of the leaves of Bryophyllumj and in the 
case of certain Begonias shoots are developed from the intact as well 
as from the incised leaf-blade. It has been shown experimentally that 
for many true restitutions it is not the removal of an organ but 
the interruption of its functions that is required to start the new 
growth (p. 297). 

Polarity. — The fertilised ovum of the flowering plant, when the 
inhibition on its growth is removed, forms two distinct growing 
points for the shoot and root respectively. A corresponding polar 
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differentiation with the. distinction of apex and base is met with also 
in more simply -constructed plants. While cases have been already 
referred to in which this distinction is determined by an external 
factor, in all higher plants the polarity is specific and depends on 
internal causes. We can neither cause growth with polarity in 
a spherical apolar xAlga, nor induce a higher plant that possesses 
polarity to become apolar. 

The polarity once it has been defined in the egg-cell is on the 
whole maintained throughout growth. In some plants, however, it 
can be seen to be altered from internal causes. 

Tims in species of Platyccrmm and Acliant‘um among the Ferns and in 
iVeoUia nidus avis among the Orchids, shoots are formed directly from the growing 
points of roots. In the Adder’s- tongue Fern (Ojjhioglossum) the vegetative repro- 
duction depends entirely on the formation of buds close to the growing points of 
the roots. The apex of some fern leaves also {o.g. AdiarUum Edgeworthii) may 
grow directly into a slioot. 

Symmetry. — Every growing point efiects in a characteristic fashion 
the further construction of the organ to which it belongs, and also 
provides, the primordia of lateral organs, the distribution of which as 
they appear is definitely determined, and may be radial, bilateral, or 
dorsiventral. Thus a certain symmetry already exists in the growing 
point, and, at least in many cases, is determined by purely internal 
causes ; in others external factors have a preponderating effect. 

B. Growth and Cell Division 

Growth, once started, does not always proceed uniformly. Some 
Algae such as Faucheria or Fungi like Saprolegnia continue to extend 
the cell by apical growth. In the great majority of cases, however, 
there is a limit to this, and when a certain size has been exceeded 
the normal mass of the cell is regained by division. There is no 
regular rule, since the process depends not only on external conditions 
but in great part on internal. Thus, for example, divisions proceed 
rapidly at the growing point while they become less frequent later, 
though growth still proceeds. In accordance with this the size of 
the cells as a rule increases considerably on passing from the grewing - 
point to the region composed of permanent tissue behind. The 
volume of the nuclear mass is also of importance in the question 
of the size of the cell. It has been possible in some instances to 
obtain a nuclear mass twice or four times that of the normal nucleus 
in a cell; all the cells derived from such a cell proved to be consider- 
ably above the normal in, size (^^). 

A mean volume or mass of the cell can always be regarded as one 
of the hereditary characters of a species. When species of different 
sizes are compared, the range in s% of , cell is not found to be as great 
as that in the size of the plant -. as a whole. ^ In other words, large 
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plants are mainl}^ (but not entirely) determined by a large number of 
cells (;0. 

Little is known as to the particular causes of cell division 
It dou])tless depends on a very complicated succession of plienoraena ; 
these concern not only the protoplasm but the nucleus which initiates 
the process. In the growing point of the shoot in higher plants, and 
also in some Algae, a certain periodicity is evident in the cell division 
which occurs more frequently at night than during the day ; it is 
evident that light has an inhibiting etfect, but unknown external and 
internal factors must co-operate. Not merely the fact that a new 
cell wall is formed but the direction in which it arises is a problem 
of developmental physiology. It has long been observed that the 
position of the new cell walls 
shows a striking similarity to 
the behaviour of weightless 
liquid films such as those of 
soap bubbles. The latter tend 
to contract to the least possible 
surface, and therefore are in- 
serted as nearly as possible at 
right angles on the walls already 
present. In spite of the great 
similarity between the arrange- 
ment of cell walls on the one 
hand and of surfaces of minimal 
area on the other, it would be 
unsafe to “conclude that the same causes determine the position in 
the two cases, for the cell wall is never fluid. 

Tile principle of tlie rectangular intersection of cell wails is strikingly shown 
in the growing points of plmnerogamic plants. In these, as is shown in Sachs' 
diagram (Fig. 266), the cell walls form two systems of parabolas which have a 
common focus and intersect at right angles. The one system (Fig. 266 1-VI) runs 
more or less parallel to the surlace of the growing point ; these cell walls are 
termed PEiiroLiXAL. The walls at right angles to these (1-11) are termed 
ANTICLINAL. 
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-Diagramrnatic representation of a growing 
point. (After Sachs.) 


0. Furtliep Periodic Changes in Vegetative Form 

Other periodic phenomena often occur while growth is active, 
There are, for example, periodic changes in the form of the leaves and 
stem, which are not only quantitative but qualitative ; foliage leaves 
alternate with scale leaves or bracts, or leafy shoots with rhizomes, 
the transitions being either gradual or abrupt. The correlation of 
growth, already considered (p. 296), is concerned in these phenomena. 
The existence, or rather the activity, of a certain quantity of foliage 
exerts an influence on the primordia forming at the growing point 
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and causes them to develop as bud-scales. If the foliage leaves are 
removed in early summer these primordia develop as foliage leaves 
instead of scale leaves. In a similar fashion the removal of leafy 
shoots may affect a subterranean rhizome, and cause it to grow out of 
the soil and form foliage leaves instead of scale leaves. 

Another kind of heterophylly is met with in some plants in 
which the form of leaves produced during youth differs from those 
borne on the older plant. It is sometimes possible to bring about 
a return to the juvenile form when the external conditions under which 
this arises are again established. Thus in the case of Gcim^jcinula 
rotuiidifolia round leaves can be developed on plants which have 
formed the subsecpient linear leaves by diminishing the intensity of 
the illumination. In some aquatic plants the submerged leaves belong 
to the juvenile form, and the floating or aerial leaves to the later 
adult form. Here also the juvenile form can be induced. This is not 
always the case, however, for sometimes the growing point has been 
so profoundly changed that it can only produce the later adult type 
of foliage. 

The stem also may undergo far-reaching transformations. It may 
be erect in the case of leafy shoots or creep horizontally on or 
in the soil ; in twining plants the internodes are greatly lengthened, 
while they are very short in rosette plants ; there are wide differences 
in the growth in thickness, in extreme cases the stem becomes a 
tuber. All these various forms or modes of growth result from 
definite influences, and can, in part at least, be obtained experimentally 
even at times and places where they would not occur in the normal ” 
course of development. 

The formation of tubers in the Potato affords an example of the 
plasticity of the stem. As is represented in Fig. 203, the tubers 
usually form at the ends of horizontal stolons which arise from the 
lower region of the foliage shoot where it is embedded in the soil. 
The tuber forms by marked growth in thickness of the end of the 
stolon, and cessation of its growth in length. If, however, the leafy 
shoot is removed at the proper time, the ends of the stolons grow into 
erect branches which emerge from the soil and bear foliage leaves. 
The typical development of the Potato can thus be modified so that 
no tubers are formed. On the other hand, tubers can be caused to 
form at other places : for example, at low temperatures the main 
axis of a particular kind of Potato will remain short, and be trans- 
, formed into a tuber ; in other varieties tubers are produced near the 
summit of the aerial leafy shoots when the tip of the shoot is 
darkened. Bousdngmltia baselloides is even more plastic than the 
Potato ; any bud can be induced to form a tuber, and when buds are 
lacking, internodes or roots may swell into tubers. Apparently the 
production of a certain amount 3?eserve material acts as a stimulus 
leading to the formation of a storage organ. 
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B. Duration of Life 

We have fui'thor to consider the periodic alternation expressed in 
the duration of life of the plant as a whole. There are plants, such 
as SteUarid nieflia and Senecio mlgaris, which in a few weeks go through 
their whole development iVom the germination of the seed to the riperi- 
i!ig of their seeds. Siiice each seed can germinate at once, several 
generations may ]:>e developed wdthin the year. The individual plant 
dies on producing a certain number of seeds, but the seeds ensure the 
maintenance of the t3^pe of plant. Many annual plants are similar 
though their life is more closely connected wdth the seasons of the 
year. With these may Ije placed other plants which only fruit once 
(monocarpic) but in which seed-formation is preceded by two or 
many years of purely vegetative growtli, with or without resting periods. 
Probably in all these cases the development of fruit is the cause of 
the death of the vegetative organs, for their life can be considerably 
prolonged by preventing seed-formation. In contrast to these plants, 
others, such as our native trees, fruit repeatedly, the existence of 
the individual not being terminated by seed-formation. All perennial 
types exhibit another periodicity besides that due to the seasons. 
A tree in its first year when it is a seedling has less intensity of 
growth than many annual plants ; the intensity of growth increases 
gradually and its growth in length, its growth in thickness, and even 
the elementary organs of the wood continue to increase in size until 
a maximum is attained. Some trees attain a great age and are 
capable of unlimited growth. From a certain point of maximum 
development, however, the annual shoots become smaller, apparently 
on account of the increased difficulty of exchange of materials between 
the roots and leaves. Ultimately the tree dies for this reason, or 
owing to the attacks of parasites or other disturbing external effects. 
If care is taken to ensure the production of new roots near the 
growing points of shoots, the latter will continue to grow with 
the same intensity, and no termination of the growth is to be 
anticipated. This experiment cannot be performed on every tree, 
since some do not readily give rise to roots ; it is easily done 
with the Willow, however, by using branches as cuttings. Long 
before the whole individual perishes, however, single parts of it 
have died. Thus the leaves have been shed after persisting for 
one or several years. In some cases whole branches are shed, though 
often they perish without being thrown off and gradually break up 
while still attached to the plant. All the older tissues of the stem 
also die; the peripheral tissues are transformed into hark and either 
fall off or form a protective covering to , the parts within. In the 
centre the wood is transformed into heart-wood in which the remain- 
ing living elements die. In an old tree only the growing points, 
whether apical or intercalary, and the youngest tissues derived 
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from them remain alive. Thus we see that every cell which has 
lost its embryonic character., dies after a longer Gl^ shorter time. 
Though this cannot as a rule be prevented, we cannot say that the 
death is necessary. It is because certain cells develop that others 
die, and their death is a phenomenon of correlation. In plants that 
are capable of restitution the removal of the growing point before 
the permanent tissue has become too old leads to fully-grown cells, 
which would normally die, becoming embryonic again and continuing 
to live. 

The longevit 3 ^of trees having a.n historical, interest is naturally best lcno^Yn and 
most celebrated, although, no doubt, the age of many other trees, still living, dates 
back far bej^ond historical times. The celebrated Lime of Neustjidt in Wurtemberg 
is nearly 700 years old. Another Lime 25*7 ni. in circumference had 815 annual 
rings, and the age of a Y^ew in Braburn (Kent) which is 18 in. in circumference is 
estimated at 2880 years. Sequoia gigantea, the giant tree of California, attains 
according to H. Mat.r the age of 4000 yeai^s. An Adansonia at Cape I'erde, whose 
stem is 8-9 m. in diameter, and a Water Cypress (IhccotZmm 'jjieximnwm) near 
Oaxaca, Mexico, are also well-known examples of old trees. The celebrated 
Dragon tree of Orotava, which was dyertiirned in a storm, in 1868, and afterwards 
destroyed by fire, must have been some 600 years old. Bryophytes also may 
attain a great age ; the apically-gro wing mosses of the osLlai&ed Gynmostoumm 
clumps, and the stems of the Spliagnaceao, metre-deej) in a peat-bog, must 
certainly continue to live for many centuries. 


E. Reproduction 

Cell division, especially when the two resulting cells separate, can 
be regarded as a process of reproduction. In more complex organisms 
also vegetative growth often passes gradually into reproduction. 
Only those forms of reproduction require special consideration in 
which special organs are formed (reproductive organs, germs) which 
separate from the parent plant and, at the expense of a supply of 
reserve material, commence a new life. In this wuiy young organisms 
originate which then repeat the development of the parent organism, 
its gradual increase in strength, and its later decay. Often these 
reproductive organs have the further duty of carrying the organism 
over a period of cold or drought ; they thus constitute a resting 
stage. With favourable conditions their growth recommences, they 
germinate. 

Reproduction is concerned, however, not merely with the continua- 
tion of the parent organism, but at the same time with an increase 
in the number of individuals (p. 192), For the continuance of the 
species it is not only necessary that numerous germs should be 
produced, but that they should be widely distributed ; as a rule there 
will be no room for new individuals to grow in the place where the 
plant which bears the seeds is growing. 
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It will be seefi, in the Special Part how various are the arrauge- 
nients to ensure the foniiation of reproductive bodies in the vegetable 
kingdom. The division of the latter into classes, orders, etc., is 
mainly based on this Viiriety. Two types of reproduction can, how- 
ever, be readily recognised throughout. These are vegetative and 
sexual reproduction, an.d niay also be termed monogenic and digenic 
respectively, since only one organism is concerned in vegetative and 
two in sexual reproduction. 

The organs which seme for reproduction have been treated in 
the section on Morphology. In this ]>lace the conditions and the 
significance of the phenomena have to be considered and the properties 
of the offspring discussed. 


1. The Conditions of Reproduction 

In nature reproduction appears to follow vegetative growth with 
some degree of necessity. . It commences as a rule when the vegetative 
growth is slackening and the plant has attained a certain age. It 
can, however, be shown that this succession is not obligatory, and that 
the natural course of development is determined by quite definite, 
conditions, and can be greatly modified by other influences. 

Thus the question arises, under what conditions does vegetative 
growth and under what conditions the formation of reproductive 
organs respectively take place ? Since these problems have as yet 
been relatively little studied, it is not easy to give a general answer 
to this question. We must, therefore, confine ourselves to making clear 
the essential facts by means of^ some examples. 

Lower Plants. — The fungi belonging to the genus Saimlegnia 
have a n on-septate, branched mycelium without chlorophyll. They 
occur commonly in nature on dead insects which have fallen into water, 
and their thalliis fii'st grows through the boily of the insect. After a 
time, however, it grows out and forms, a radiating growth around the 
insect. The end of each of the radiating hyphae becomes as a rule 
cut off by a septum, and its coiitents divide up into numerous swarm- 
spores ; these emerge, move about, and finally germinate to give rise 
in another place to a new individual of Saprolegma. Later eggs and 
speimi -cells are formed on the older plant and, at least in some species, 
the former onl}^ develop after being fertilised. With the production 
of fertilised eggs tiie activity of the Saprolegnia plant tends to . cease ; 
it gradually perishes, 

G, Klebj^ has shown that it is possible to completely change this 
course of development of Saprolegnict ; KtEBS has succeeded in direct- 
ing the development in the following ways among others : 

1. The mycelium can continue for the whole year to grow vege- 
tatively when supplied continually With fresh and suitable nutritive 
material. 
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2. Such a well-nourished mycelium on being transferred to pure 
water proceeds completely and at once to form sporangia. 

3. In solutions of leucin {O'l per cent) and haemoglobin (0‘1 per 
cent) at first a strong growth develops and then sexual organs are 
formed. Swarm-spores are not formed ; they appeaiy however, after 
the sexual organs, when a more dilute solution (0*01 per cent) of 
haemoglobin is employed. 

It is thus clear that quite definite conditions exist for vegetative 
growth, others for the formation of sexual organs, and yet others for 
the appearance of asexual reproduction. 

Conditions of the Formation of Flowers. — In the Phanerogams 
asexual reproduction by means of bulbils, etc., is much less prominent 
than the sexual reproduction which is connected with the flower. 
The question of the causes of the development of flowers is of 
special interest. Observations in nature and experimental work 
show that in this case also sexual reproduction is not absolutely 
essential to the maintenance of the species, and that the formation 
of flowers only takes place under quite definite conditions. The 
results which Klebs obtained with Sem^ervivum Funhii can be sum- 
marised thus : 

1. With active carbon -assimilation in bright light and rapid 
absorption of water and nutrient salts, the plant continues to grow 
purely vegetatively. 

2. With active carbon -assimilation in bright light, but with 
limitation of the absorption of water and salts, the development of 
flowers takes place. 

3. With a moderate absorption of water and nutrient salts it de- 
pends on the intensity of the illumination whether vegetative growth 
or the production of flowers takes place. With weaker intensity of 
light, and when blue light is used, only growth takes place ; with 
stronger illumination or with red light flowering occurs. 

Klebs distinguished three phases in the formation of the flowers 
of Sempermum. 1. The establishment of the condition of readiness for 
flower-development. 2. The formation of the primordia of flowers 
recognisable under the microscope. 3. The enlargement of the in- 
florescence. These three phases are connected with wholly different 
conditions and depend therefore in different ways on external factors. 
The initial condition is determined by a preponderance of carbon- 
assimilation over processes in which carbohydrates are consumed, such 
as respiration and vegetative growth. Since a high temperature 
increases the respiration and nutrient salts promote vegetative growth, 
a low temperature and a limited supply of nutrient salts are necessary 
in addition to good illumination to . render the plant ready to develop 
flowers. This condition when once attained may be destroyed by a 
high temperature, while it may' be preserved for a long while, even 
in darkness, by a low temperature. While in this respect light 
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apparently acts only in deteriiiining the assimilation of in the 
second phase it has another significance; a certain period of illiniiina- 
tion is quite indispensable foip this, and only the rays of greater wave- 
length are effective, those of short wave-length even destroying the 
state reached in the first phase. In nature the first pliase is attained 
in iuitumn, but a sutficieiitlj^ long and intensive illumination is wanting. 
Under continuous illumination by an Osrain lamp, the light from which 
is rich in red rays, the formation of flowers may be hastened by 
months : the earlier in winter this is done the longer is the illumina- 
tion required, and the period is shortened by increasing the intensity 
of the illumination. Interruptions in the illumination must not be 
too prolonged or the influence of the illuminated period is lost. The 
third phase of elongation is, like the first, dependent on the nutritive 
effect of light ; in accordance with this, if the preceding nutrition has 
been sufficient it may, in part at least, be carried out in the dark. 

Similar tlioroiigli analyses of the conditions of flowering are not available as 
yet for other cases, but numerous observations and experiments indicate that 
light, temperature, and tlie nutrient salts are of jjrimary importance in the forma- 
tion of the flowers. Since these factors are also indispensable for the vegetative 
life of the plant, it is the amount in which they are available and especially tlieir 
relative proportions which determine whether a particular bud shall form a flower 
or grow vegetatively. 

The importance of light in the formation of flowers is shown by the well-known 
fact that the Ivy only flowers when growing in a well-illuminated situation and 
not in the shade of woods, although it gi’ows well in the latter habitat. Yoechting’s 
experiments on Mwiuhis Tilingii gave the same result. At a certain low 
intensity of light, wdiich is quite adequate for vegetative growth, this plant 
produces no flowers.* Klebs has made corresponding experiments with Veronica 
Chamaednjs, and he states that in all plants which do not contain any great amount 
of reserve materials a diminution of light leads to the supjwession of flower- 
formation. He regards the carbon-assimilation resulting from the illumination as 
the primary cause of this influence on the development of flowers. At a certain 
intciisity of light, which is insufficient for the development of normal flowers, 
cieistogaiuous flowers are produced. , , 

Temperature also obviously plays a, part. A continuous higli temperature 
hinders flowering. Thus plants of our climate eventually become vegetative in the 
tropics (Cherry), and native perennial plants, such as the Beet or Foxglove, 
can be prevented from flowering in tlieir second year if they are kept warm and 
allowed to grow on during the winter. In this way Klebs succeeded in keeping 
the Beet in a purely vegetative state for several years. Glechoona and Sernpervivum 
also, if their winter rest is prevented, grow vegetatively for years. 

Lastly, the nutrient salts have to be, considered.. By removing the supply of 
salts, seedlings can often be converted into dwarf starved plants in which, after a few 
minute foliage leaves have been formed, the development of flowers begins at once. 
Experiments of Moebius have shown that Grasses and Borago flower better if the 
supply of salts is limited than if well manured. The increase of fertility 
which results from root-pruning in fruit trees may depend upon a limitation of 
the absorption of nutrient salts. That, however, all nutrient salts do not act in the 
same way has been pointed out by Benecke, who showed both from the literature 
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and from Ids owi! experiments that nitrogenous ibod led to a dindnntion and 
phosphorus to an increase in the development of flowers. 

If after the foriiiation of flowers has {3onimcuced the conditions for vegetative 
growth are re-established, a shoot already predisposed to fiower-rorniation ina\' 
again become vegetative. Tims when Miimilus TilingiiiB brought into conditions 
of poor illumination the flower-buds already laid down remain undeveloped and 
resting buds in the axils of bracts develop into leafy shoots. Tiie whole a])pearanco 
of the plant is thus greatly altered. 

Determination of Sex ("‘p. — Most flowers are horinaplirodito and produce both 
male and female sexual cells. In other cases nnisexual flowers are produced either 
only or in addition to the hermaplirodite flowers. The fact that the female 
flowers are developed as a rule in difl'erent situations from the male flowers indicates 
that each of the two ibrms lias its special conditions of development; what these 
•conditions are is, however, unlviiown. 

The determination of sex thus becomes a problem of developmental physiology 
especially when dioecious plants {i,e, those which have male and female individuals) 
are concerned. Generally the two forms occur in about equal proportions in 
nature, and this relation cannot be altered experimentally. It is also not possible 
by means of external influences of any sort to cause a seed to develop into the one 
or other sexual form. The sex is already determined In the seed as a result of 
internal causes which will not be further considered here ; these have already 
acted in the sexual cells or at fertilisation. 

Fertilisation. — The product of fusion of the egg and sperm-cell 
surrounds itself, as a rule, with a cell wall. In the lower p>]ants an 
oospore or zygospore is thus formed which germinates, usually after first 
undergoing a period of rest. In the higher plants growth and cell 
division take place forthwith ; an embryo is produced which in Eryo- 
phyta and Pteridophyta continues its further development, while in 
the Phanerogams it soon enters on a period of rest. '“Before this, how- 
ever, a number of stimuli have proceeded from the development of 
the embryo ; these are especially complex in the Angiosperms. The 
ovule in which the embryo is enclosed commences to grow ; it enlarges 
and assumes a characteristic structure. It has developed into the seed, 
and this as a rule is liberated from the ovary and, after a resting 
period, germinates. The ovary ako grows actively after fertilisation 
and develops into the fruit. The variety in fruits cannot be entered 
upon in this place. (Cf. Special Part.) 

These formative processes of growth in the ovules, ovary, and ultimately also in 
other parts of the flower, are to he regarded as phenomena of correlation. When 
fertilisation does not take place, all those changes which lead to the development of 
a ripe fruit from the flower do not usually occur. Instead another correlative 
influence arises which leads the casting off of the now useless organ as a wliole. 
Some few plants, especially such as have been long cultivated, are to some extent 
an exception to this. In nearly all varieties of the Banana, in the seedless Orange, 
and in the Sultana Raisin, no embryo is formed, but in spite of this the fruits 
develop. The stimulus to this , development can proceed cither from the mere 
pollination of the stigma or from the fertilisation of the ovules, which then sooner 
or later cease to develop without a^rtesting the development of the fruit. In some 
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cases, liowerer, Ijarren ’’ fruits develop wholly without-the stimulus of j)ollinatio?r 
(parthciiocarpie fruits of the Fig, Cucumber, and certain species of Apple and 
Pear). 

lull nonces which affect parts at a distance also proceed from the pollen-grains and 
pollen-tubes on the stigma. Thus after the stigma of an orchid is pollinated the 
stigma and the gynostemiura swell, and the perianth is promptly arrested in its 
growth and withers. As Fittikg showed, this influence proceeds from soluble 
organic siibstaiices which withstand heating, and can he readih?- separated from the 
mass of iingerminated jiollen. 

Whether a simple spore or a complex embryo is the result of 
fertilisation it is always distinguished from the cells wliicli gave 
rise to it by exhibiting nuclei which contain the diploid number of 
chromosomes (p. 203). On this account a reduction division which 
restores the normal number of chromosomes is sooner or later the 
necessary sequel to fertilisation. 

2. The Significance of Sexual Reproduction 

The significance of sexual reproduction is not at once evident. 
Many plants occur in nature or under cultivation without being 
sexually reproduced, and succeed with vegetative reproduction only. 

Lower plants which have not attained to sexual reproduction have already been 
referred to. Of higher plants which no longer produce descendants sexually the 
cultivated Bananas, some Dioscoreaceae, some forms of Vine, Oranges, and Straw* 
berry may be mentioned. The Garlic, which forms small bulbils in place of flowers, 
the ‘White Lily, Sbiid Hiinitmculus Ficaria, which has root- tubers, only rarely produce 
fertile seeds if allowed to form their vegetative organs of reproduction. Under 
certain conditions, as for instance on cut inflorescences, seeds may be produced, 
though as a rule these plants are multiplied entirely vegetatively. No degeneration 
such as was formerly field to be unavoidably associated with purely vegetative 
multiplication is to be observed in these cases 

If thus the monogenic reproduction sufiUces to maintain the species 
digenic reproduction must serve some further purpose not effected by 
the former. Otherwise it would be inconceivable why digenic repro- 
duction had arisen, and why the arrangements to effect it are far more 
complicated and less certain than in the case of vegetative reproduction. 

Were the Algae and Fungi alone taken into consideration it. might 
be supposed that sexual reproduction led to the formation of specially 
resistant germs which could endure a longer period of rest under 
unfavourable conditions — as a matter of fact the zygospores and 
oospores are much more resistant than the swarm-spores and conidia. 
But even in the Pteridophyta this relation is inverted, for the fertilised 
egg-cell requires to develop forthwith, or else it perishes, while the 
asexual spores can endure a long resting period. 

It is the rule in digenic reproduction that the sexual cells are 
individually incapable of development; this takes place only after the 
sexual cells have united. Thus one use of fertilisation lies in the 
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rcBioval of an arrest of growth, though it cannot be said that this was 
its original and. essential significance. It is much more probable that the 
sexual cells have gradually lost the capacity of independent development 
since in this way the possibility of fusion was increased. If every 
sexual cell commenced to grow at once, this would in most cases take 
place before fusion with another sexual cell could be effected 

Tills assumption is supported by the behaviour of some Algae, in which 
the sexual cells can often germinate independently ; tlie egg-cells especially may 
develop without fertilisation. From the analogy with similar cases in the animal 
kingdom this plienomenon has been termed pahthexogexesIkS. In the primitive 
Algae parthenogenesis is possible, because in them the incapacity of development 
of the egg-cell has either not been acquired or is easily removed under special con- 
ditions. Thus for examine in tlie Alga Protosiphon partlienogenetxc development 
is induced by a bigli temperature, and tbe same happens in the case of the ova 
of some lower animals (Echinoderms) on treatment with solutions of a certain 
concentration. It may jxerhaps he assumed that in the cases in which development 
only takes place after fertilisation the stimulus to development is given by some 
substance contained in the sperm-cell. 

Among the higher plants also phenomena to which the name parthenogenesis ("®) 
has been applied occur ; they are better termed apogamy. Thus the egg-eclls of 
some Compositae, and also oi Alchemilla^ ThaUctrum pwqmrascens, Wickstroomia 
indiedy Ficus hirta, Ilarsilia Bruramondii, and Ohara crinita develop without 
previous fertilisation. These cases- are distinguished from those just described by 
the egg-cells in question having retained the number of chromosomes characteristic 
of vegetative cells. They are diploid cells (p. 203) and not fitted for fertilisation. 

We thus arrive at the conclusion that the essential of sexual repro- 
duction cannot consist in the removal of the arrest to development 
of the sexual cells. This leads us to consider thk fusion of the 
SUBSTANCE OF THE TWO CELLS AND THE MINGLING OF PATERNAL AND 
MATERNAL CHARACTERS WHICH FOLLOWS FROM THIS. This brings 
out the chief distinction between the two modes of reproduction ; the 
vegetatively produced progeny are due to no such mingling of 
characters. The complex of characters in vegetative multiplication 
does not differ as a rule from that in the parent form. As a matter 
of fact, we preserve by vegetative multiplication all the varieties and 
races of our cultivated plants, even when these do not come true from 
sexually produced seed. In contrast to the vegetative progeny the 
sexually produced descendants, as a rule, cannot completely resemble 
the mother plant, but must combine the characters of both parents. 
The more these differ from each other, the more striking will be the 
visible effect of fertilisation. 

F. Heredity, Variability, Origin of Species 

Heredity (^^). — By inheritance is understood the familiar pheno- 
menon that the properties of the parents are repeated in their 
progeny. This phenomenon is., presented to ns in the division of a 
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ceil, which is the simplest form of reproduction, as well as in the 
more complicated process of sexual reproduction. That the daughte]* 
ceils resemble the parent cells requires no explanation. The problem 
of heredity a[)pears when descendants are derived from the germs, 
which are small portions of a complicated parent organism, by a 
process of DEVELOPMENT. It is assumed that such germs possess 
DETERMINANTS or GENES, wliich determine that an organism shall 
react in a definite specific way to external factors. It appears 
probable that these determinants are associated in the chromosomes of 
the nucleus, ])ut we know nothing as to the way in which they 
influence the course of development. 

Such determinants must be present in the sexual cells of the 
higher plants, and both in the male and the female cells. The 
fertilised egg - cell must thus possess a’ double number of these 
though a single organism is derived from it. That, originally at 
least, the same determinants are present in all cells of the plant and 
not only in the germ cells is shown by the phenomena of restitution. 

The problems of inheritance are of greatest interest in sexual 
reproduction, in which the part played by the two parents in the 
organisation of the progeny comes into prominence. These problems 
can only be attacked by a consideration of hybrids, since the 
individuals of a pure species have the same determinants. 

Hybrids (^^). — The union of two sexual cells is, as a rule, only 
possible when they are derived from individuals of the same species ,* 
it is only then that they fuse together in the act of sexual repro- 
duction. Occasionally, however, the sexual cells of different varieties, 
species, or even genera have been shown to he able to unite and 
produce descendants capable of development. . Such a union is termed 
HYBRIDISATION, and its products HYBRIDS. They are also spoken of 
as HETEROZYGOTES or individuals derived from two dissimilar sexual 
cells, in contrast to HOMOZYGOTES, which have arisen from the 
union of sexual ceils with identical determinants. Hybrids are as 
a rule obtained more readily the closer the parent forms are to one 
another, but this is not a rule without exceptions. 

Son>e fainilies exhibit a tendency to hybridisation (Solanaceae, Caryopliyllaceae, 
Iridaceae, etc.) while in others hybrids are obtained with difficulty or not at all 
(Papilionaccae, Coniferae, Convolvulaceae, etc.). The behaviour of related genera 
and species also is frequently very different. Thus species of Vianthus, Nicoiiand, 
Vcrhasciim^ and readily hybridise with one another, ' while those of Silene, 

Solcmunif Linaria, and Potcntilla are difficult to hybridise. Hybridisation of 
closely related species may frequently fail when more distant species can be 
crossed. ■ 

Hybrids also occur in nature, especially in the genera Salix^ P'ubus, Iliercmum^ 
and Qirsium, That such natural hybrids do not pccur oftener is due to the lack 
of an opportune time or space for their development, and also to the fact that in 
the case of pollination of flowers with different kinds of pollen, that of their own 
species seems as a rule more effectual in effecting fertilisation. 
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tlybrids are often recognisable by having the characters of inter- 
mediate forms between the two parents. They may either be truly 
intermediate, Mcotiana rustical x AHc, paniculaia S Sorhus 
aria x S. auaqxiria (Fig. 267), or may in some characters resemble more 
closely the male parent and in others the female parent. In exceptional 
cases a hybrid maj’', even to minute characters, resemble the male 
parent (some hybrids of the Strawberry) or the female parent. In 
the great majority of cases it is all the same which plant is taken as 
the male and which as the female parent. In some cases, however, 
the hybrid A ? x B cjis clearly different from Ac? x B ? . 

The mingling of characters is often complete. Had one species simple and 
the other compound leaves, their hybrid would have leaves more or less cleft 
(Fig. 267) ■; or were the flowers of one parent species red and tliose of the other 
yellow, the hybrid frequently bore flowers which were orange-coloured. If an 
early blooming form were crossed with a late bloomer, the hybrid would flower at 
a time intermediate between the two. Another type of hybrid which is less 
commonly met with is that of the mosaic hybrids. In this parts with maternal 
characters are mingled with others which have the characters of the male parent. 

jYew characters appear in hybrids such as diminished fertility, a 
greater tendency to the formation of varieties, and frequently a more 
luxuriant growth. 

The tertility is often so enfeebled that the hybrids either do not flower 
{Rhododendron, Einlolinm), or are sterile and do not reproduce themselves 
sexually. This enfeeblement .of the sexuality increases the more remote is the 
relationsbip of the ancestral forms. Other hybrids such as those of Ralix and. 
Hieracmm remain fertile. 

Hybrids, particularly those froiii nearly related parents, frequently produce 
more vigorous vegetative organs, they bloom earlier, longer, and more profusely 
than the uncrossed plants, while at the same time the flowers are larger, more 
brilliant, and exhibit a tendency to become double. The luxuriance of growth and 
the increased tendency to produce varieties displayed by the hybrids have made 
the whole subject of hybridisation one of great practical as well as theoretical 
importance. 

Inhepitanee in Hybrids — By tlie experimental study of 
hybridisation, the sexuality of plants, for a long time doubted, was 
indisputably proven. With this object, in. view, hybrids were raised 
in great numbers by Kolreuter as early as 1761, It is now the 
problems of inheritance connected with hybridisation that are the 
main centres of interest. For the study of heredity, however, 
hybrids between species are far too complicated. It was by using 
closely related forms that Gregor Mendel at Briinn discovered in 
1866 certain laws, which, however, did not attract attention or 
influence the progress of investigation . till after 1900. At this 
date they were re-discovered simultaneously by De Tries, Oorrens, 
and Tschermak. In order to obtaip. these laws or rules MendeL 
required to follow the behaviour of the hybrids through a number of 
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generations, taking account of all the individuals that result and 
breeding from them. 

1. Segregation of Characters. — This is the most generally 
applicable of the laws or rules discovered by Mendel and will be best 
illustrated by an example. If a red-fiowered Mirabilis jalcqja be 
crossed with a white-flowered individual one obtains a generation of 
hybrids with uniformly rose-coloured flowers If these are fertilised- 
from one another a second generation is obtained, but the individuals 
of this are not uniformly coloured ; in addition to rose-coloured plants 
pure red- flowered and white-flowered plants occur in the proportion 
per cent of 50 : 25 : 25, i,e. in the ratio 2:1:1 (Fig. 268). When 



Mirabilis Jalapa 


a!ba+ rosea 


rosea 


Pici. IraUlis jalapa, alha and rosea. With the hybrid between them in the first 

and second generations. (Diagram. After Cor rens.) 

fertilised from one another the pure red-flowered plants produce a red- 
flowered progeny and the white-flowered plants also breed true ; they 
have returned to the pure parent forms. The 50 per cent of rose- 
coloured plants again segregates in the next generation, and like the 
former generation yields 25 per cent pure red, 25 per cent pure white, 
and 50 per cent rose-coloured plants. The proportion of hybrid 
plants thus continually becomes lessened by the return to the red and 
white types; in the eighth generation only 0'75 per cent of hybrids 
remain, and this small remainder continues to segregate further on 
breeding. These results are theoretically explained since Mendel’s 
investigations by assuming that the sexual cells of the rose-flowered 
hybrids are not themselves of hybrid nature, but ai'e already segre- 
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o’ated into pure red and pure white sexual elements. In the process ot 
fertilisation the union producing a hybrid, red x white (white ? x red r? , 
red ? X white cJ ), will occur twice as frequently as the union red x red 
or white x white, which give rise to jjure forms. 

2. Rule of Dominance. — The characters in which the parents 
differ do not, however, always blend so that the hybrid exhibits 
an intermediate character. More usually the hybrids completely 
resemble in this respect either the paternal or maternal parent, the 
character of the one parent being dominant in the hybrid while the 

iL Urtica Al 


Oodartil + pilulifera 


Dodartii 


pilulifera 


liA iiil Hii Mil 


'Fui 2G9.-~-Tlie hybrid between Urtica pilulifera and Urtica Vodarm in wee . . 

(Diagram. After Cor-rens.) 

other remains latent. This is the case, , for example in hybrids 
between Urtica pilulifera with serrate leaves and U. Vocla'im (tig. 
269) The hybrids have all serrate leaves like U. pthhfera, so 
that in the second generation the proportion of serrate-leaved to 
entire-leaved individuals is per cent 76:25 (3:1). Only 60 per 
cent of the serrate-leaved individuals are, however, of hybrid nature 
and continue to show a similar splitting of characters in the next 
generation; 25 per cent have become pure U. piluhfera. It is 
impossible to predict which characters will prevail in my cross, and 
the question can only be settled by experiment; usuaUy the phylo- 
genetically younger character appears to be dominant. 

With regard to the above example of dominance CoRRBNS ( ) has 
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I’ecentlj shown that, at least in a particular stage of devebpinent, the 
homo2;7gous plants of Urtka pihilifera can be distinguished from the 
heterozygotes. Nevertheless it may he said that two plants possessing 
different determinants may he apparently similar, while on the other 
hand t’wo organisms possessing the same determinants may appear 
distinct owing to diverse action of the environment. The nature of 
the determinants which are contained in a plant can thus not be 
discerned from its appearance but only by breeding experiments. 

3. Autonomy of Characters. — When the parents differ in* two 
characters instead of only one, monohybrids instead of dihybrids 
result. It then appears that the several characters are independ- 
ently transmitted and distributed in the descendants (autonomy of 
characters). Thus new combinations of characters may come about, a 
fact of great importance in plant-breeding. From the crossing of 
peas with yello\v, wrinkled seeds, and those with green, smooth seeds, 
among other possible combinations of the characters the new ones 
yellow-smooth and green-wrinkled appear. Many characters, however, 
tend to remain associated together (coupled characters). 

It is not possible to enter in this place into the complicated 
phenomena of the production and segregation of dihybrids and 
polyhyhrids. 

Validity of the Mendelian Rules. — These rules are not limited 
to hybrids in the narrow sense of the word, hut have an extensive 
application to inheritance in both the animal and vegetable kingdoms. 
It cannot be said that there are not other laws followed in inheritance, 
for there are already well-investigated cases which do not conform to 
the Mendelian rules (®^). On the other hand, it is noteworthy that 
many phenomena which at first appeared to contradict these rules 
have proved on further investigation to be consistent with them. 

Variability (^•’'). — By variability is understood the fact that the 
individuals belonging to any species are not all alike. Frequently 
the variability is only apparent, the species not having been properly 
defined. Thus in Rosa^ Buhus, Draba verna, etc,, there are many 
species that closely resemble one another. The impression given of a 
varying species is in these cases a completely false one ; each 
of the ELEMENTARY SPECIES,” 'of which the ‘‘COLLECTIVE SPECIES” 
is composed, proves to be constant and does not exhibit transitions to 
the other elementary species. 

Such cases are to he left out of consideration here. We are 
concerned with the most strictly limited species, if possible with the 
descendants of a single self-fertilised plant constituting what is known 
as a pure line (Johannsen). It is found that these also vary. The 
process of variation and the varieties can he traced to two causes 
and are therefore distinguished as modifications and mutations. 
To these must be added the combinations originating from crossing. 

Modifications. -r— This name is given to variations which have 
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Fig 27()-2'aim®wi*(#a«a*e- i, cultivated in Wie plains ; 2, in the Alps. (Both similarly reduced. 

After Bonniee.) 

the plains and on mountains are considerable. The plants represented 
in Fi°- 270 are portions of one and the same individual; 1 was 
grown'in the plain and ^ on a mountain. In order to ascerta,iri the 
full capacity for modification of any plant it is necessary to cultivate 
it under all conditions under which it can exist. Such investigations 
linve been carried out with success by ELlebs. If it were possible to 
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giw two plants of the same origin under completely identical 
conditions they would necessarily be indistinguishable. In practice 
this is never possible, and therefore the homozygotic individuals of a 
pure line show many quantitative differences even under the most 
uniform cultivation possible. For example, the seeds of a pure line 
of Bean can be sorted into a number of groups according to their 
weights, and the number in each group or category ascertained. The 
result of such an investigation is the curve in Fig. 271, which shows 
that the weight-categories that occur most frequently are those 

closest to the average weight, and 
that the farther a category is 
from the avei'age the fewer are 
the individuals belonging to it. 
Practically all statistical investi- 
gations of variation conform to 
this result. The vakiation 
CURVES thus obtai ned agree more 
or less closely with the so-called 
curve of chance. This is readily 
understood, for there are always 
several external factors acting 
which, may result in either an 
increase or diminution of the 
size, number, or weight under 
Gonsideratidn. Only chance de- 
cides which effect takes place. 
Thus only rarely will all the 
factors make for diminution or 
^ o ^dl the factors for increase : more 

Eig. 271 .— Variation curve of the weights of Beans r ^ -n i 

of a pare lino (Johannsen’s Line K). (After frequently tiie factors Will be 
Baur.) combined so as to determine an 

intermediate result. 

If a seed of a pure line is sown it is indifferent whether one 
starts from a small, medium, or large specimen. The variation curve 
of the next generation will not differ from that of the generation to 
which the seed ""belonged. Similarly the changes resulting from 
cultivation in alpine regions (Fig. 270) are not inherited. Such 
modifications persist only as long as, or but little longer than, the 
action of the causes giving rise to them. 

Practical experience seems at first sight to contradict this 
result. Im the process of selection a plant with special properties 
is chosen from a large number and the same characters appear 
to recur frequently in its descendants. This depends on the fact 
that in this case a single pure line has been isolated from what 
was really a mixture of a number of different races or lines.- The 
characteristic properties of the selected line are continued in the 






Fig. 272.-Habit of 1 , CMiAonmn ,mjus-, 2 , OUlidMimi vmjm Mniatum. (After Lebhakn.) 


Mutations r) are variations that are_ distinguished from cona- 
Mnations in not having arisen by hybridisation, but resemble them in 
K “hSited. MuStio.* ean only b. reoogn»«l will cetto.^y 
Ider experimental conditions, when in the descendants of a puie line 
individuak appear which possess a new character or are wanting in 
a character of the parent organism, the departure being maintained 
in their offspring. The appearance of such mutations has been 
observed in experiments both with seedlings and with buds. 
hiahlv probable that many variations met Ynth in nature should be 
regarded as mutations. . Thus, for example, Chelidomum lacimatum, a. 
mStation of CMiimmn majus with incised leaves, 

Heidelberg in 1590 (Fig. 272). ^ 

noticed in 1761, differs from the ancestral form of the Strawberry 

in having simple instead of trifoliate leaves. The remarhable 
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descendants. If the material to begin with is really pure, selection 

Gobimnations.— When a plant originates not from self-fertilisation 
but- from a cross, this may be termed a hybrid even if its parents 
belono-ed to very nearly related races. In this sense in every cross 
between two individuals heterozygotes must appear. The descend- 
ants of a hybrid will have the characters of the one parent or of 
£ other ol of both, and will thus appear diverse. This form of 
variation is superficially not to be distinguished from modification, 
for it can also show the curve of chance. It is, however, essentially 
different since it is inheritable. The descendants vary according to 
the Mendelian rules. This form of variation is termed combination. 
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Nicotiana tahaoivm virginica ajpetala, which arose in a culture of Klees, 
must be placed here. In many plants reddish “ leaved forms have 
arisen as mutations. All these forms are distinguished from the 
parent form in a single character. Once they have arisen they have 
remained constant in all their descendants. 

Nothing certain is known as to the causes of mutations. If they 
should prove in certain cases to be determined by external factors they 
would still be sharply distinguished from modifications. In the mutation 
a change in the determinants has occurred ; either old determinants 
have been lost or new ones have made their appearance. The latter case 
must, however, be rare. Mutations do not appear only in relation to 
sexual reproduction. Thus in some Bacteria which increase in number 
by repeated division mutations have been found. In higher plants also 
single buds are known to have become changed and their new characters 
have persisted. These cases are spoken of as bud mutations. Doubt is 
often expressed as to whether in the Bacteria and in the moulds there 
is any sharp distinction between mutations and modifications. 

Origin of Species. — Various lines of evidence, dealt with on 
p. 206 ff., have led to the view that the organisms which inhabit the 
earth at the present time have developed from others that existed 
in previous ages. This hypothesis, which is known as the theory of 
DESCENT and is of great importance, assumes that the ‘^species” is 
not constant but liable to change. In addition to what has been said 
earlier (p. 206 ff.) it is only necessary to state here that only mutations 
and combinations among the variations yet observed could play a 
part in the origin of a new species. Latterly the indications that 
hybridisation has been of importance in the production of species 
have multiplied. Certain species of Oenothera behave like hybrids 
the parents of which are no longer in existence. 

SECTION III 

MOVEMENT 

Phenomena of movement are met with in the living plant not less 
generally than those of metabolism and development. Metabolism is 
associated with a continual movement of the raw food-materials, which 
are absorbed, and of the elaborated assimilates and excreted sub- 
stances. These movements cannot be directly observed, but are not 
less certainly established ; they have already been dealt with. In 
addition there exist a number of visible alterations of position exhibited 
either by the whole plant or by its several organs ; these movements 
are, it is true, often very slow but sometimes are quite sudden. 

Protoplasm itself is capable of different movements. Naked 
protoplasmic bodies almost, always show slow movements resulting in 
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movement is e.speoiaUy evident in tho annual movement in Listera omta 

to the former year’s growth soon decay ng^ The .^adrifoUa 6-8 cm. 
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1. MOVEMENTS OF LOCOMOTION {^) 

A. Meehanism of Movements of Locomotion 
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developmeut. We tims confine ourselves to the protoplasmic move- 
ments among which the AMOEBOID MOVEMENT, the ciliary move- 
ment, and the moveiment of i^eotoplasm in cells with cell wlills 
may be distinguished. 

The creeping movements of naked protoplasts, such as are shown 
by an amoeba or plasmodium, in the protrusion, from one or more 
sides, of protuberances which ultimately draw after them the whole 
protoplasmic body, or are themselves again drawn in, are distinguished 
as AMOEBOID MOVEMENTS. These movements resemble, externally, the 
motion of a drop of some viscous fluid on a surface to which it does 
not adhere, and are chiefly due to surface tension, which the proto- 
plasm can at different points increase or diminish b}?^ means of its 
quality of irritability. 

By means of local changes of surface-tension' similar amoeboid movements 
are also exhibited by drops of lifeless fluids, such as drops of oil in soap solution, 
drops of an oily emulsion in water, or drops of mercury in 20 per cent solution of 
potassium nitrate in contact with crystals of potassium bichromate. 

In the SWIMMING movements by means of cilia (^‘^), on the con- 
trary, the whole protoplasmic body is not involved, but it possesses 
special organs of motion in the form of whip-like flagella or cilia. 
These may he one, two, four, or more in number, and arranged in 
various ways (Figs. 216, 219). They extend through the cell wall when 
this is present and move very rapidly in the water, imparting con- 
siderable velocity to the protoplast, often giving it at the same time 
a rotary movement. The minute swarm-spores of Fuligo variam tra- 
verse 1 mm. (sixty times their own length) in a second, those of Uha 
0T5 mm., while others move more slowly. The Vibrio of Cholera, 
one of the most rapidly moving bacteria, takes 22 seconds to traverse 
a millimetre. 


Diatoms and Desmids exhibit a different class of movements. The Diatoms 
which have a slit or raphe in the siliceous cell wall glide along, usually in a line 
with their ' longitudinal axis, and change the direction of their movements by 
oscillatory motions. From the manner in which small particles in their neigh- 
bourhood are set in motion, it is concluded that there exists a current of proto- 
plasm, which bursts through the raphe ; this, according to 0 . MClleii, is the 
cause of the movement (^^). The cells of Desmidiaceae effect their peculiar 
movements by local fluctuations in the mucilaginous excretion. The Oscillarieae 
appear to behave similarly 

In addition to such changes of place of whole cells there are also 
movements of the protoplasm within the cell wall. Of these move- 
ments rotation and circulation (cf. p. 1 3) have to be distinguished. 

In these movements the outermost layer of protoplasm in contact witli the cell 
wall remains at rest ; the movement cannot thus he compared to that of an 
amoeba enclosed in a cell. The movement continues when the protoplasm has 
been detached from the cell wall. Its cause must be looked for in surface 
tensions between the protoplasm and the cell sap. 


DTV. II 


PHYSIOLOGY 


:329 


The streaming movements of protoplasm were discovered by Couti in 1772. 
Favourable examples for their demonstration arc the hairs of many plants, the 
cells of the leaves of some water plants, and the long cells of the Oharaecae and 
Siphemeae. 

B, The Conditions of Locomotion 

Since these movements are due to protoplasm and its organs it 
will be readily understood that they depend on the general conditions 
for the life of the protoplasm. 

The existence and the activity of all these movements thus depend 
especially on a favourable temperature, and in aerobic plants on the 
presence of free oxygen. The protoplasmic movement can, however, 
continue for weeks in the absence of oxygen in the case of facultative 
anaerobes like Nitella. Certain Bacteria that are obligate anaerobes 
lose their motility on the entrance of oxygen ; on the other hand, 
aerobic Bacteria which have ceased to move in the absence of oxygen 
resume their movement when a supply of this gas is available (p. 248). 

On overstepping the minimum or the maximum for these factors 
a loss of motility or a condition of rigor results. Thus we speak of 
cold-rigor, heat-rigor, etc. This condition can be removed by a return 
of the favoui'able conditions, but if it lasts long enough will ultimately 
lead to death. In some cases it is sufficient that these general con- 
ditions of life should be present, but in others the movement only 
results on the application of a special stimulus. 

Thus it is known that protoplasmic naovement often only appears on w'ounding 
the plant, or is increased by this. In certain Bacteria movement is started by 
the stimulus of light or by a particular concentration of the substratum. Other 
external influences may lead to a loss of motility, while movement also ceases in 
tempoi’arily motile objects, such as swarm-spores or sperm atozoids, as the result 
of internal causes. 

In giving a definite direction to movements of locomotion, 
external stimuli play a very special part. In the absence of such 
directive stimuli plasmodia move without a destination, the direction 
of swimming or circulatory movements may frequently be reversed, 
and only the rotation-stream is characterised by a constant direction. 

C, Taetie Movements 

The main directive stimuli are one-sided illumination, and dissolved 
substances unequally distributed through the water. The directive 
movements brought about by such factors are termed tactic ; that 
effected by light is phototaxis, and that by dissolved substances 
chemotaxis. Other less widespread tactic movements will be omitted 
here. 

The resulting movements bring the freely motile plant or the 
motile organ of a cell either towards or away from the stimulus; in 
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the former case the taxis is positive,. and in the latter negative. The 
nature of the reaction frequently depends not only on the object, but 
on the external conditions. 

1. Phototaxis 

Phototactic movements may be best observed when a glass vessel 
containing water in which are Volvocineae, Chlamydomonadinae, or 
swarm-spores of Algae is exposed to one-sided illumination from a 
window. After a short time the uniform green tint of the water 
disappears, since the motile organisms have all accumulated at the 
better-illuminated side of the vessel. If the latter is turned through 
an angle of 180 ° the Algae hasten to the side which is now illuminated. 
If, however, a stronger light, such as direct sunlight, is allowed to fall 
on the vessel the same organisms which till now have reacted positively 
become negatively phototactic and swim away from the source of light. 
Other external factors may have the same effect. 

In some organisms, such as the plasmodia of Myxomycetes, we find a negative 
reaction even to a light of low intensity. There are also colourless organisms 
which have a positive phototactic reaction. In nature phototactic movements 
usually bring the organism into a position of optimal illumination. 

There are two distinct kinds of phototaxis. In the one (topophototaxis) 
the organism places itself in the direction of the rays of light, and moves towards 
or away from the source of light. In other cases (phobophototaxis) the organism 
reacts on the passage from light to darkness by a sudden movement that brings it 
back into the light ; it thus remains fixed in the illuminated spot. 

A very striking example of phototaxis is afforded by the chloro- 
plasts within the cell These movements have the result of bringing 
the chlorophyll grain into such a position that it can obtain an optimal 
amount of light. This object is sometimes attained by rotation of the 
chloroplast, and sometimes by its movement to another position in 
the cell. 

In the cylindrical cells of the filamentous Alga Mesocarpus^ the chloroplasts, in 
the form of a single plate suspended length-wise in each cell, turn upon their 
longitudinal axes according to the direction and intensity of the light. In light of 
moderate intensity they place themselves transversely to the source of light, so that 
they are fully illuminated (transverse position) ; when, on the other hand, they are 
exposed to direct sunlight, the chlorophyll plates are so turned that their edges 
are directed towards the soxirce of light (profile position). 

In the leaves of mosses and of the higher plants and in fern prothalli a similar 
protection of the chloroplasts against too intense light, and their direct exposure, 
on the other hand, to moderate illumination, is accomplished, where they are of 
a different form and more numerous, by their different disposition relatively to the 
cell walls. In moderate light the chlorophyll bodies are crowded 'along the walls, 
which are at right angles to the direction of the rays of light (Fig. 273 T). They, 
however, quickly pass over to the walls parallel to the rays of light as soon as the 
light becomes too intense, and so retreat as far as possible from its action (Fig. 273 jS). 
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In darkness or in weak light the chloroplasts group themselves in still a third way 
(Fig, 273 iV), the advantage of which is not altogether clear. 

The form of the chlorophyll grains themselves undergoes modification during 
changes in their illumination ; in moderate light they become flattened, while in 
light of greater intensity they are smaller and ^ 

thicker. As a special mode of protection ^ | 

against too intense light, the chloroplasts of the — ^ ^ f y ■"y — y 

Siphoneae and Diatomeae (and the same thing is 

ol)seiwed in many plants) become balled together • j j 

in separate clumps. ^ 7 T 

In correspondence with the changes in the ^ 

position of the chloroplasts, the colouring of 1 1 

ca-een organs naturally becomes modified. In 


by other substances such as acids and j . 

alkalies. While the chemotaxis here 

serves the process of nutrition, its use Pia. 273 .-Varyingi) 08 itton 3 taken by the 
is different in the case of spermatozoids ; of differ- 

thGS0 male sexual colls ai^e thus attracted intensity, r, in diffuse dayliglit ; 

to the egg-cells. Nuclei and chloro- s, in direct sunlight; ^ 

bu uu 56 J. 2 ,'^ 'J'ko arrows indicate the direction of 

plasts may also show chemotactic move- stahl.) 

ments. 

The spermatozoids of the Ferns are attracted by malic acid or malates to the 
neck of the arehegonium ; in the case of the spermatozoids of Lycopodium, citric 
acid, in Mosses, oane sugar solution, and in the Maiehantieae proteid substances 
are the respective attractive substances. Often extremely minute quantities of the 
substance wUl bring about active irritable movements ; thus even a O'OOl per cent 
solution of malic acid will attract the numerous spermatozoids a Fern swimming 
TTI nure water. In chemotaxis as in phototaxis we can distinguish phobic and topic 
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L/aive place in the organs of 
274 . A fonr-angled prism 
is of equal length along 
each of its angles. If it is 
bent in one plane the angles 
of the concave side must 
become markedly shorter 
than those of the convex 
side. An elongation of 
one side or a shortening of 
the other side or simultane- 
ous lengthening of one side 
and shortening of the oppo- 
site side must lead to 
ture. When in this 
of bending 


curva- 
pi^ooess 

^ 15 the column 

LP ^ remains in one plane, it is 

\jW spoken of simply as curved. 

^ a When, however, it passes 

Pig. 274. -Four-angled prism. J, Straight ;//, curved ; plane SO 

III, twisted ; IF, spirally wound, ’ that tho bending follows a 

J. 1 . „ line oblique to the longitu- 

dinal axis It is spirally wound (IF). Lastly, when the column remains 
as a whole strmght but its angles follow spiral lines, it is termed 
twisted (iU) ihe torsion comes about by a difference in length be- 
tween the middle line and the angles ; all the latter are of equal length. 

Ways in which Curvatures are produced.— In the production of 
curvatures we are always concerned, as has just been shown, with 
changes in the dimensions of an organ due to unequal lengthening or 
s ortenmg. In bringing about these changes in dimension the follow- 
ing means are employed by the plant. 

1. Growth. This can only lead to elongation. 

2. Osmotic pressure. _ This can effect an elongation or a shortening 

according as it is increased or diminished, 

3. Variations in the amount of water in the cell wall or in dead 

cells. These also can effect either elongation or shortening. 
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According to tlie means employed in altering the dimensions, tlie 
curvatures of plants may be divided into growth-curvatures, 
VARIATION MOVEMENTS DEPENDING ON TURGESCENOE, and HYGROSCOPIC 
MOVEMENTS. Since growth and osmotic pressure are vital phenomena, 
ie. are essentially influenced by the living protoplasm, they will be 
treated below along with the locomotory movements which are 
dependent on the living substance of the plant. The hygroscopic 
movements, on the other hand, are not vital phenomena ; they occur 
in dying or dead organs and are brought about exclusively by 
external factors. The protoplasm only plays a part in these move- 
ments in that it has led to such a construction of the organs that 
changes in the amount of water present produce curvatures and 
not a simple change in length. 

A. Hygroscopic Movements 

Two quite distinct types of movement are included in the 
hygroscopic movements. In the first, which are termed imbibition 
MECHANISMS (^^), the Cell walls increase in size on swelling or contract 
on shrinking. 

The swelling or shrinking depends on the fact that the water of 
imbibition is not contained in cavities like those in a porous body 
(such as a sponge or a piece of plaster of Paris) that contain the^ 
capillary water, but in being absorbed has to force apart the minute 
particles of the cell wall. Conversely these particles approach one 
another again when the imbibition water evaporates. When on 
different sides of an organ there are unequally well-developed layers, 
or layers that swell with unequal rapidity, or when opposite layers 
differ in the direction of their greatest extension on swelling, 
curvatures must take j^lRce every time the organ is moistened or dries. 
Though we are here dealing with purely physical phenomena, they 
may possess great importance for the plant. 

The rupture of ripe seed-vessels, as well as their dehiscence by the opening of 
special apertures, is a consequence of the nnequal contraction of the cell walls due 
to desiccation. At the same time, by the sudden relaxation of the tension, the 
seeds are often shot out to a great distance {Eupliorhia, Geranium, etc.). This 
dehiscence on drying is termed xeroohasy, and is contrasted with the opening of 
the fruits and dispersal of the seeds in some desert plants when they are moistened 
(hygrochasy). The best example of this is the fruit of Mesemhryanthemum 
linguiforme. The behaviour of the “ Rose of Jericho ’* {AnaSitatica hierochuntica) 
is similar. The whole plant when fruiting dries up, and owing to the unequal 
shortening of the upper and under sides of the branches becomes contracted into a 
spherical mass. On the addition of water, the plant resumes its original form, its 
fruits open and shed the seeds which are thus under favourable conditions for 
germination. With Anastatica some other plants (e.g. Odontospermum) may be 
mentioned, to some of which the name Rose of Jericho is also applied. In certain 
fruits not only curvatures hut torsions are produced as the result of changes in the 
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ainoiiii.t of water they contain, €,g, Erodium gruinum (Fig. 275), Stipa jpennata^ 
Avena stcrilis ; by means of these, in conjunction with their stiff barb-like hairs, 
the seeds bury tliemselves in the earth. 

The opening or closing of the moss sporogonium is, in like manner, due to the 
hygroscopic movements of the teeth of the peristome surrounding the mouth of 
the capsule. In the case of the Equisetaceae the outer walls of the spores them- 
selves take the form of four arms, which, 
like elaters, are capable of active move- 
ments. 

In order to call forth imbibition move- 
ments the actual presence of liquid water 
is not necessary, for the cell walls have the 
power of absorbing moisture from the air. 
They are hygroscopic, and are used to 
estimate the humidity of the air in hygro- 
meters and weather-glasses. 

' The mechanisms which depend 
on the cohesive power of water are 
distinguished from those depending 
onimbibition. The COHESION mechan- 
isms were previously confounded with 
the latter, from which they differ in 
that, even during the movement, the 
cell walls remain saturated with 
water. It is the lumen of the cell 
which diminishes in size when the 
loss of water, on which the move- 
ment depends, occurs, k good ex- 
ample is afforded by the movement 
of the sporangium of the Pol^ 
diaceae on drying. The sporangia 
are sfcalkedj biconvex bodies contain- 
ing the spores within a wall composed 
of one layer of cells. While the rest 
of the wall is composed of thin 
walled cells, one row of peculiarly thickened cells forms a vertically 
placed semicircle (Fig. 276 M), The cells of this annulus have their 
outer walls thin, the lateral walls increasingly thickened from the 
outside inwards, and the inner walls thick. On exposure to dry air 
the cells of the annulus gradually lose the contained water. The 

watery contents do not, however, separate from the cell wall nor 
does a rupture occur in the liquid, since the adhesion to the wall and 
the cohesion* of the molecules of water is very great, amounting 
to hundreds of atmospheres (^®). A deformation of the cell ^ wall, 
therefore, follows the diminishing water- content ; the thin outer 
wall (Fig. 276, 3) is pulled inwards, thus approximating the thickened 
lateral wails. There thus comes about an energetic one-sided shortening 



Fig. 275. — ^Partial fruit of Erodiuw, gruimm. 
A, in the dry condition, coiled ; B, moist 
. and elongated. (After Noll.) 



1. Autonomic Movements of Curvature 

As stated above, a sufficient intensity of the external factors with 
chilife is associated (p. 218 ) is sufficient to call 
its.' Beyond a certain minimum and maximum a condition 
ir in whffih the plant is motionless occurs. Thus, states of rigor 
to heat, cold, darkness, dryness, etc., are known. _ 

Thus also the growth of the shoot or root in a stra ght line (with 
characteristic Vand Period of growth, dependent, ^ 
wn, wholly on internal causes) is an autonomic jvement. A 
.•ul or nutations are associated .with tms 
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B. Movements of Curvature in the Living Plant 

As in the case of plants which exhibit active locomotion, the 
nheifomena of movement in attached plants may occur when all 
fhe general conditions of vital 

only when a particular factor (stimulus) is acting. . 

Ss either ke amount of the curvature only or its directaon also. 
Movements which take place without such specific 
are termed autonomic, while the others are teimed IN 
PARATONIC movements. 


of the annulus which leads to the opening of the spoiangium and the 
shedding of the spores. 

With further loss of 
water the contained 
water ultimately tears 
apart from the wall, an 
air-filled space appears, 
and the cells of the 
annulus resume their 
original form. Since 
this occurs suddenly, the 
majority of the spores 
are forcibly thrown out, 
as the sporangium again 
closes. The sporangia of 
other Vascular Crypto- 
gams and the walls of 
pollen-sacs afford in their 
opening other examples 
of cohesion-mechanisms. 

curratoL edso depend on the co-operation of movements depending 
orx imbibition and on cohesion. 


Fig. 276 


__ (After Camp- 

bell.) 2. Cells of annulus in original position. 3. After 


BELL.; a, vjcuo . V ,1 

partial evaporation of the water filling them (w ) ; the upper 
cell wall (o) is curved in, while the lower iCu) retains its 
original length. (2, 3 after Noll.) 
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growth, and it might almost be said that there is hardly such a thing 
as growth in a straight line. The tips of the organs describe extra- 
ordinarily irregular curves in space ; they exhibit '' circumnutatioiis,” 
as was discovered by Darwin. While these curvatures are usually so 
slight as not to be perceptible without the aid of special methods, cases 
exist in which organs exhibit very conspicuous, striking, and regular 
autonomic growth curvatures. 

The unfolding of most leaf and flower buds, for example, is a nutation move- 
ment which is induced by the more vigorous growth of the upper side of the young 
leaves (epinasty). The same unequal growth, in this case of the under side, mani- 
fests itself most noticeably in tlie unrolled leaves of Ferns and many Cycadeae 
(hyponasty). The stems of many seedlings arc, on their emergence from the seeds, 
strongly curved, and this aids them in breaking tlirough the soil. By the nuta- 
tion of the shoots of the Wild Vine {Parthenocissus qvAnquefoUa) a curvature is 
produced which continuously advances with the increased growth. 

When the unequal growth is not confined to one side, but occurs alternately on 
different sides of an organ, the nutations which result seem even more remarkable. 
Such movements are particularly apparent in the flower- stalk of an Onion, which, 
although finally erect, in a half-grown state often curves over so that its tip touches 
the ground. This extreme curvature is not, however, of long duration, and the 
flower-stalk soon becomes erect again and bends in another direction. 

If the line of greatest growth advances in a definite direction around the 
stem, the apex of the latter will exhibit similar rotatory movements (revolving- 
nutation). This form of nutation is characteristic of the tendrils and shoots of 
climbing plants, and facilitates their coming in contact with a support. 

Eesides these nutations which result from growth, autonomic 
variation movements are also met with, though less commonly. They 
are almost confined to foliage leaves, and indeed to those which have 
pulvini at the base of the petiole and of its further a^amifi cations. 
Pulvini occur especially in Leguminosae and Oxalideae, also in Marsilia^ 
and are characterised by a structure which fits with their particular 
function. 

In the ordinary parenchymatous cell the ceil wall, owing to its 
growth in thickness, ceases to he stretched ; on plasmolysis it therefore 
does not in full-grown cells contract in the same degree as it does in 
growing cells (cf. Fig. 237), Conversely on an increase of the in- 
ternal pressure the wall only becomes slightly stretched. In some 
cases, however, and the pulvinus is an example, the cell walls even 
in their fully-grown state are considerably distended by the osmotic 
pressure. This is shown not only by their behaviour on plasmolysis, 
but also by the persistence of marked tissue-tensions. 

A pulviuus of one of the Leguminosae, such as the Kidney Bean, has the 
vascular bundle and the sclerenchyma, which are peripherally arranged in the leaf- 
stalk, united to form a central and easily-bent strand ; this is surrounded by a 
thick zone of parenchyma (Fig,. 277, 3). If from a pulvinus isolated by two 
transverse sections the middle sheet of tissue is cut out (Fig. 277, 1), the bulging of 
the cortical parenchyma both above and below shows the considerable tension. On 
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splitting the portion of the pulviniis longitudinally as in Fig. 277, 2, the tendency 
towards expansion of the parenchyma, especially of its middle layers, is yery 
clearly shown. 

It will now be readily seen that an increase in turgescence on all 
sides will increase the tension between the vascular bundle and the 
parenchyma and thus increase the 
rigidity of the pulvinus. On the 
other hand, an increase of turges- 
cence on one side or a diminution 
on the other side, or the occurrence 
of both these changes together, will 
cause a lengthening of the one side 
and a shortening of the other side Fig. 277.— Pulvinus of Plmseolus (after Sachs). 

which naturally curves the pulvinus. longituduially from the middle 

‘ , of the pulvinus ,* the same cut up ; 3 , 

The vascular bundle is passively transverse section, g', vascular bundle. 

bent, and undergoes no alteration 

in length. The passive movement of the part of the leaf attached to 
the pulvinus is due to the curvature of the pulvinus. 

Autonomic variation movements are probably present in all leaves 
provided with pulvini, but only attain a striking degree in a few 
plants. 

Thus the small lateral leaflets of Desmodium gyrans move uniformly or move 
interruptedly in elongated ellipses. At higher temperatures (SO-35® G.) the move- 
ment is very rapid, the course being completed in half a minute. The movement 
of the leaflets of Omlis hedysaroides is still more rapid, the tip moving through 
0*5*1 '5 cm. in one or a few seconds. While the autonomic movements of these 
two plants do not appear to be affected by light, those of Trifolium jjratense are 
completely suppressed in light. In the dark, however, the 'terminal leaflet 
exhibits oscillatory movements with an amplitude that may exceed 120° ; these are 
regularly repeated in periods of two to four hours. 


2. Paratonie Movements (Stimulus Movements) 

In the induced or paratonic movements an external factor always acts 
as a stimulus and starts the movement. By means of these movements 
attached organisms bring their organs into the positions in which 
their functions can be best carried out. If the organs of a seedling 
continued to grow on in the directions which have been accidentally 
brought, about on sowing the seed, the root would often grow into the 
air and the shoot into the soil. 

Light, heat, gravity, and chemical or mechanical influences of the 
most various kind enable the plant to orientate itself in its environ- 
ment. The different organs of a plant often show quite different re- 
actions to the same external stimulus; , Thus the stem and root, while 
both tending to place themselves in the direction of the rays of light, 
grow towards or away from its source respectively ; the leaves, on the 
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other hand, place their flat surfaces at right angles to the incident 
rays. The mode of reaction is not determined' once and for all, but 
can be profoundly modified. The tone of the plant is thus altered, 
the change being brought about by either internal or external factors. 

The condition of receptiyeness to stimuli in the plant is common to all 
irritable movements and indeed all irritable phenomena. It largely depends on 
external factors. The same factors that give rise to the stimulus may also 
intensify or weaken the receptiveness. Other substances, such as the narcotics so 
well known in animal physiology, may blunt the receptiveness. The stimulus 
must give rise to definite changes in the plant ; the protoplasm must react to these 
changes in such a way that the characteristic externally visible reaction ultimately 
takes place. Between this result and the reception of the stimulus there doubt- 
less intervene many and complicated processes which are at present but little 
understood. The places where the stimulus is received and perceived are termed 
sense organs or, better, organs of perception. There is particular reason to 
distinguish organs of perception, when it can be shown that the place where a 
stimulus is received is separated in space from the part where the movement is 
effected. In such a case a conduction of the stimulus must take place. 

The power of perception or of sensation in the plant can be spoken of without 
implying any subjective perception, will, or thought, as in the complicated human 
psychology. This is unfortunately sometimes done by modern sensational writers. 
The existence of a ‘‘ soul ” in the plant can neither be denied nor asserted No 
conclusion in this respect can be drawn from the fact that certain features of 
stimulus movements take place in a similar way to our perceptions. These 
regularities, which will be later referred to as showing a relation between the 
intensity of the stimulus and the, excitation (p. 347) are, however, of the' greatest 
interest. 

Those movements which bring about a particular position with 
regard to the direction of action of the stimulus may be grouped 
together as movements of oeientation or tropisms. The other 
movements of curvature, leading to the assumptions of definite posi- 
tions with respect to the plant and not to the direction of the stimulus, 
are termed nastic movements. 

(a) Tropisms 

In the movements of orientation we have to distinguish ortho- 
tropous (parallelotropous) and piagiotropous organs. The former 
place themselves in the direction of the stimulus and approach the 
source of the stimulus (positive reaction) or move away from it 
(negative -reaction). Piagiotropous organs place themselves at right 
angles to the direction of the stimulus or obliquely to its direction. 
The mode of reaction of any particular organ may be changed by 
external or internal factors. The movements of orientation are 
distinguished as phototropic, geotropic, etc., according to the stimulus 
bringing them about. * 

The tropisms of attached plants correspond to the tactic movements of motile 
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plants. As in tlie case of the latter, their significance lies in the attainment of 
favourable conditions of life. The effective stimulus, the positive and negative 
modes of reaction, and the alternation from one to the other are completely 
analogous to the phenomena already described in relation to tactic movements. 

1. Geotropism 

It is a matter of experience that the trunks in a Fir wood are 
all vertical, and therefore parallel to one another ; the branches and 
leaves of those trees, on the other hand, take other positions. If, 
instead of a tree, we consider a seedling, for example of the Maize, 
we find that, at any 'rate to begin with, the organs stand in the 
vertical line. At tke same time we here observe more readily than 
in the case of a tree the totally different behaviour of the roots and 
the stem, the former growing vertically downwards and the latter 
upwards. If we bring the seedling from its natural position and 
lay it horizontally we find that a curvature takes place in both 
organs; the root curves downwards, and the shoot of the seedling 
upwards. Since these curvatures are not effected at the region 
where the root passes into the shoot, but in the neighbourhood of 
the apices of the two organs, a region of variable length remains 
horizontal, and only the two ends of the plant are brought by 
the curvature back into their natural directions, and continue to 
grow in them. That this vertical growth of the main root and main 
stem is due to gravity is apparent from direct observation, which 
shows that these organs are similarly oriented all over the globe, and 
lie in the direction of radii of the earth. The only force acting 
everywhere in the direction of the earth^s radius that we know of is 
gravity. Not, however, as a result of this line of thought, but from 
the experiments of Knight ( 1806 ), was this knowledge introduced 
into our science. Knight’s experiments rest on the following 
consideration. It is evident that gravity can only cause the root to 
grow downwards, and the stem to grow upwards, if the seed is at 
rest and remains in the same relative position to the attractive force 
of the earth. From this Knight conjectured ‘Hhat this influence 
could be removed by the constant and rapid change of position of 
the germinating seed, and that we should further be able to exert an 
opposite effect % means of centrifugal force.” 

He therefore fastened a number of germinating seeds in all 
possible positions at the periphery of a wheel, so that the root on 
emerging would grow outwards, inwards, or to the side, and he 
caused the wheel to rotate round a horizontal axis. Since this 
X'otation was very rapid, not only was the one-sided action of gravity 
excluded, but at the same time a considerable centrifugal force was 
produced, which in its . turn influenced the seedlings. The result of 
the experiment was that ail the roots grew radially away from, and 
all the shoots radially towards the centre of the wheel. Thus the 
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centrifugal force determined the orientation of the seedlings as gravity 
does normally. 

In another experiment Knight allowed gravity and centrifugal 
force to act simultaneously -but in different directions on the seed- 
lings. The plants were fastened on a wheel which rotated round a 
vertical axis. When the distance of the plants from the centre and 
the rapidity of rotation were so adjusted that the mechanical effects 
of the centrifugal force and of gravity were equal, the roots grew out- 
wards and downwards at an angle of 45° and the stem inwards and 
upwards at the same angle. As the rapidity of rotation increased, the 
axis of the seedlings took a position approximating more to the 
horizontal. It results from these experiments that the plant does 
not discriminate between gravity and centrifugal force, and that the 
one can be replaced by the other. Both these forces have this in 
common, that they impart to bodies an acceleration of mass. 

An essential addition to the fundamental researches of Knight 
was given much later (1874) by the experiments of Sachs. In these 
the plants were rotated round a horizontal axis as in Knight’s first 
experiment, but the rotation was slow, taking ten to twenty minutes 
to effect one complete rotation. This is so slow that no appreciable 
centrifugal force is developed. Since, however, by the continual 
rotation any one-sided influence of gravity is eliminated, the roots and 
shoots grow indifferently in the directions which they had at the 
beginning of the experiment. In this experiment Sachs employed 
a piece of apparatus termed the klinostat. 

The property of plants to take a definite position under the 
influence of terrestrial gravity is termed geotropism. It has been 
seen that there are not only orthotropous organs which place them- 
selves in the direction of gravity, anci grow positively geotropically 
(downwards) or negatively geotropically (upwards), but also plagio- 
tropous organs which take up a horizontal or oblique position. The 
positions assumed by the lateral organs are also — though as a rule 
not exclusively — determined by gravity. 

All vertically upward -growing organs, whether stems, leaves 
(Liliiflorae), flower -stalks, parts of flowers, or roots (such as the 
respiratory roots of Amennia (Fig. 188), Palms, etc,), are negatively 
geotropic. "When such negatively geotropic organs are forced out of 
their upright position, they assume it again if still capable of growth. 
In negatively geotropic organs, growth is accelerated on the side 
towards the earth; on the upper side it is retarded. In consequence 
of the unequal growth thus, induced, the erection of the free-growing 
extremity is effected. The actual coarse of the directive movement 
of geotropism, as will be seen from the adjoining figure (Fig. 278), 
does not consist merely of a simple, continuous curvature. The 
numbers 1-16 show, diagrammatieally, different stages in the geotropic 
erection of a seedling growing in semi -darkness and placed in a 
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horizontal position (No. 1). The growth 
in the stem of the seedling is strongest 
just below the cotyledons, and gradually 
decreases towards the base. The curva- 
ture begins accordingly close to the coty- 
ledons, and proceeds gradually down the 
stem until it reaches the lower, no longer 
elongating, portions. Owing to the down- 
ward movement of the curvature, and 
partly also to the after effect of the 
original stimulus, the apical extremity 
becomes bent out of the perpendicular 
(No. 7), and in this way a curvature in 
the opposite direction takes place. For 
two reasons this excessive curvature must 
again diminish (13-16); the stem is now 
exposed to another geotropic stimulus in 
the opposite direction to the first, and this 
is combined with a tendency to straighten, 
which is termed autotropism (^^^). 

Every geotropic curvature flattens out or dis- 
appears when the plant, before full growth has 
taken place, is caused to revolve on the klinostat. 
Since in this case the geotropic stimulus is want- 
ing, some other cause must underlie the straighten- 
ing. It appears, in fact, that every change in 
the condition of curvature of an organ, whether 
resulting from geotroprsm or from some other 
cause, acts as a stimulus. The plant works 
towards a restoration of the original condition, 
and this tendency is termed autotropism. An 
organ which was originally straight thus tends 
by autotropism to return to this condition when 
curved in any way, either by growth or b}’- 
mechanical bending. Similarly a curved organ 
tends to regain its original form when this has 
been for any cause lost. 

In some cases negatively geotropic curvatures 
may take place in full-grown shoots, Le. in 
such as no longer exhibit growth in length when 
not geo tropically stimulated. Thus in woody 
stems and branches the growth in length of the 
cambium of the lower side may bring the organ 
into the erect position as a result of geotropism. 
The greater the resistance of the parts which' 
have to be passively bent the more slow and in- 
complete will this response be. The so-called 
nodes of grasses, which in reality are leaf-cushions, 


Fig. 278.-— Different stages in the pro- 
cess of geotropic movement. The 
figures UW indicate successive 
stages in the geotropic curvature of 
a seedling grown in serai-darkness : 
at I, placed horizontally ; at 76', 
vertical. For description of inter- 
mediate stages see text. {After 
, Nonii. Diagrammatic.) 
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can also be stimulated by geotropism to further growth. If the stimulus acts on 
all sides, as when the node is horizontally placed and rotated on the klinostat, all 
the parenchymatous cells exhibit a uniform elongation. If the node is simply 
placed horizontally the growth is limited to the louver side while the upper side is 
passively compressed (Fig. 279). By means of such curvatures in one or several 
nodes grass haulms laid by the wind and rain are again brought into the erect 
position. 

Positive geotropism is exhibited in tap-roots, in many aerial roots, 
and in the leaf-sheaths of the cotyledons of some Liliaceae and in the 
rhizome of YmctL All these organs, 
when placed in any other position, 
assume a straight downward direc- 
tion and afterwards maintain it. 

Positively geotropic, like negatively 
geotropic, movements are possible 


Fig. 279.— Geotropic erection of agrass-hanlm 
by the curvature of a node. 1, Placed hori- 
zontally, both sides (a, o) of the node being 
of equal length ; the under side ( 7 /) Fig 

lengthened, the upper side ( 0 ) somewhat ( 

shortened ; as a result of the curvature the 1 

grass-haulni has been raised through an j 

angle of TS". (After Noll.) < 

only through growth. The power of a downward curving root-tip 
to penetrate mercury (specifically much the heavier), and to overcome 
the resistant pressure, much greater than its own weight, proves 
conclusively that positive geotropism is a manifestation of an active 
process. Positive geotropic curvature is due to the fact that the 
GROWTH OF AN ORGAN IN LENGTH IS PROMOTED ON THE UPPER 
SIDE, AND RETARDED ON THE SIDE TURNED TOWARDS THE EARTH. 
Fig. 280 represents the course of the geo tropic curvature in a root. 

Most lateral branches and roots of the first order are plagxogeotropic, while 
branches and roots of a higher order stand out from their parent organ in all direc- 
tions. These oegans are only a position of equilibrium when their 

LONGITUDINAL AXES FORM A DEFINITE ANGLE WITH THE LINE OF THE ACTION OF 
GRAVITY. If forced from their normal inclination they return to it by curving. 
A special instance of plagiogeotropism, is exhibited by strictly horizontal organs, such 
as rhizomes and stolons, which, once they have attained their proper depth, show a 
strictly transverse geotropism (diageotropism). Should the proper depth not be 
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. 280. —Geotropic curvature of the roots 
Df a seedling of Vida Faha. I, Placed 
hiorizontally ; 'II, after seven hours ; III, 
ifter twenty-three hours ; Z, a fixed index. 
"After Sachs.) 
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attained, the plant tends towards it by upwardly or downwardly directed movements, 
and then takes on the horizontal growth. The oblique position naturally assumed 
• by many organs is in part the result of other influences. 

A special form of geotropic orientation is manifested by dorsiventral organs, e.g, 
foliage leaves, zygomorphio flowers (p. 72). All such dorsiventral organs, just as 
radial organs that are diageotropic, form a definite angle with the direction of 
gravity, but are only in equilibrium when the dorsal side is uppermost. In the 
orientation of dorsiventral organs, not merely simple curvatures but torsions are 
concerned. 

The rotation of the ovaries of many Orchidaceae, of the flowers of the 
Lobeliaceae, of the leaf-stalks on all hanging or oblique branches, of the reversed 
leaves (with the palisade parenchyma on the under side) of the Alstroemeriae, 
and of Allium ursinum^ all afford familiar examples of torsion regularly occur- 
ring in the process of orientation. 

The foliage leaves which possess pulvini must again be specially mentioned 
among dorsiventral organs' since they can change their position by geotropic 
variation movements in the fully-grown state. 

Twining* Plants which are found in the most various families 
of plants, have shoots which require to grow erect but are unable to 
support their own weight. The erect stems of other plants, which 
often secure their own rigidity only by great expenditure of assimi- 
lated material (in xylem and sclerenchyma), are made use of by 
stem-climbers as supports on which to spread out their assimilatory 
organs in the free air and light. The utilisation of a support pro- 
» duced by the assimilatory activity of other plants is a peculiarity they 
possess in common with other climbers, such as tendril- and root- 
climbers. Unlike them, however, the stem-climbers accomplish their 
purpose, not by the help of lateral clinging organs, but by the 
capacity of their main stems to twine about a support. The first 
internodes of young stem-climbers, as developed from the subterranean 
organs which contain the reserve food material, as a rule stand erect. 
With further growth the free end curves energetically to one side and 
assumes a more or less oblique or horizontal position. At. the same time 
the inclined apex begins to revolve in circles like the hand of a watch. 
This movement continues from the time of its inception as long as the 
growth of the shoot lasts, and as a rule takes place in a definite direc- 
tion. In the majority of twining plants the circling movement as seen 
from above is in the direction opposite to that of the hands of a watch 
(towards the left as we commonly express it). The Hop and the 
Honeysuckle twine to the right, in the direction of the hands of a 
watch. In Bowiea volubilis and Loasa lateritia a rotation alternately to 
the right and left has been observed. The plants that circle to the 
left are also left-handed climbers, ie, the spiral which their stems 
form (Fig. 281 J) mounts from the left to the right and, as seen 
from above, against the direction of the hands of a watch. Similarly 
the plants that circle to the right are right-handed climbers. There is 
thus a close relation between the revolving movement and the twining. 
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The reFolviiig movement is regarded by some authors as purely autonomic 
(p. 336) ; oil the other hand, it is held that gravity has a deteruiining influence 
upon it. This disputable question is still unsettled. 

The commencement of the revolving movement does not by itself 
determine a twining movement. This only begins when the shoot 

meets a more or less vertical and 
not too thick support. This is 
enclosed in loose and at first very 
horizontal spirals which gradnally 
become more erect and steeper. The 
straightening results fi'om negative 
geotropism and leads under other- 
wise favourable conditions when the 
support is subsequently removed to 
a complete obliteration of the spiral 
coils, the straightened stem appearing 
twisted. If the support is not re- 
moved it leads to tightening of the 
spiral and increased pressure on the 
support. The twining movement 
thus comes about by the revolving 
movement together with negative 
geotropism. The support plays a 
part in that it prevents the other- 
wise inevitable straightening. It 
must stand more or less vertiGally, 
because otherwise it would not be 
continually grasped by the overhang- 
ing tip of the shoot. 

Tbe twining is furtber assisted by tlie 
shoots of the twining plant having to begin 
with elongated internodes while the leaves 
Y II remain small. In this respect these shoots 

resemble those of etiolated plants ; the 
"‘"zf of tl- leave, allows of 
asparagoides: (After Noll.) the regular circling of the tip which might 

otherwise be interfered with by the leaves 
encountering the support. The firm hold on the support is frequently increased 
by the roughness of the surface of the stem owing to hairs, prickles, ridges, etc. 
Torsions also, the causes of which cannot he entered into here, have a similar 
effect. 

Although Stabk has recently shown that twining plants are not insensitive to 
contact with the support (cf. p. 364), it still holds good that the result of this 
contact does not determine the twining movement. 

Alteration of the Geotropic Position of Rest. — The position 
assumed by an organ as a result of a definite geotropic stimulation 
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is not determined once and for all, but is liable to change owing to 
internal and external influences. There is thus a “change of toiie” 
as regards geotropic stimulation. A certain “tone” is thus regarded 
as the normal one, and the resulting reactions are expressed in the 
distinction of orthotropous and plagiotropous, and positively and 
negatively geotropic organs respectively. 

Among the external factors which influence the geotropic tone, 
light, temperature, oxygen, and gravity itself may be mentioned, and 
as an internal factor the developmental phase of the organ. 

The alteration of geotropic reaction by the illumination has an important 
influence on the depth at which rhizomes occur. When the tip of a rhizome of 
Adoxa growing on a slope becomes exposed to the light, its transverse geotropism 


Fig. 282. —Rhizome of Polygonaiim. The dotted line marks the surface of the soil. The aerial 
shoots are cut off. Rhizome 1 was planted too high ; its continuation is downwards, only 
the terminal bud which will form a flowering shoot being directed upwards. Rhizome 2 was 
planted erect and too deep ; its continuation is obliquely upwards. (After Raunkiaeb.) 


becomes altered to positive geotropism, and this leads to the rhizome again enter- 
ing the soil. Frequently the influence of light on the parts of the plant above 
ground sufiices to direct the subterranean rhizome. If the rhizome of Folygo^iatum 
is planted too high in the soil, although covered by earth and in the dark, the 
new growth turns obliquely downwifo-ds ; if planted too deeply it turns upwards 
(Fig. 282). At the correct depth the rhizome is transversely geotropic. Light 
also acts strongly on the geotropism of lateral roots ; when illuminated the lateral 
roots of the first order approach the orthotropous position of rest much more 
closely than they do in the dark. 

An effect of temperature may be observed on the stems of some spring plants ; 
these often lie on the ground at temperatures in the neighbourhood of 0® 0. and 
only become orthotropous at higher temperatures. With lack of oxygen many 
roots and rhizomes become negatively geotropic, and thus reach regions where more 
oxygen is available. 

Changes of tone due to internal causes are seen, fdt instance, in rhizomes, wdrich 
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at a certain stage of development change from the diageotropio position a.nd 
become ortliotropoiiSj or in inflorescences which become positively geotropic after 
fertilisation. In this way the fruits of Trifolium suUcrrancwm and of Arachis 
hyjjogaea become buried in the soil. In twining steins also a change of tone has 
been noted ; while young they do not twine. 

Geotropism as a Phenomenon of Imtahility. — The discoverer 
of geotropism, Knight, attempted to explain the geotropic move- 
ments on purely mechanical lines ; this did not seem difficult, 
especially for positively geotropic organs. He regarded them as 
simply following the attractive force of gravity till a condition of 
rest is attained. Later Hofmeistbe advanced similar views. The 
correct assumption that we are concerned with comidicated stimulus 
mechanisms in which terrestrial gravity only plays the part of the 
liberating factor depends on the work especially of Dutrochet, 
Frank, and Sachs. Even the single fact that the root can carry ouf 
its geotropic curvature against the resistance of mercury is sufficient 
to call in question every purely mechanical explanation. 

Only in recent times has the attempt been made to determine 
what is' the primary effect of, gravity in the plant There is 

no doubt that we are concerned with an effect of pressure ; the fact 
that gravity can be replaced by centrifugal force is in favour of this. 
This effect of pressure only comes into action in the case of ortho- 
tropous organs in proportion as it acts at right angles to the longi- 
tudinal axis, and thus in relation to the vertical component when 
the organ is placed obliquely. Lastly, it is clear that the pressure 
must act within the cells, and is in no way replaceable by external 
influences. 

It is not known whether this pressure is determined by the entire cell-contents 
and acts on tlie protoplasm as a whole, or whether special organs are concerned 
in its production and reception. , Yarious hypotheses on this question have been 
advanced. F. Noll first elaborated the idea that there must be some bodies in 
the cells of greater specific gravity than the surrounding protoplasm, and capable, 
under the influence of gravity, of exerting a one-sided pressure on the protoplasm ; 
on this taking place the protoplasm directs the processes of growth in accordance 
with the direction of the force of gravity. NMeo and Haberlandt then sug- 
gested that these specifically heavier bodies (statoliths) might be found in certain 
starch grains which show relatively rapid movements of falling in the cells. They 
found such starch grains in the endodermis of the stem and in the cells of the 
root- cap. They assume that the. stimulus of gravity can only directly affect 
portions of the plant provided with such starch grains, but that it may be con- 
ducted from these points to others. As a matter of fact the attemx)t had 
previously been made to show that only the tip of the root can receive the 
gravitational stimulus. Even at the. present time this question is not decided, 
and not a few investigators assume that all cells —though in various degrees — are 
geotropically sensitive. Thus fungi, in which statoliths are not found, are 
geotropic. The hypothesis of NIiMEO and Habeelandt, though there is much 
in its favour, is not fully established.' Habeelandt himself states that in certain 
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cases (moss-rMzoids) geo-perception is still possible after the disappearance of 
starch. If, however, the investigations of Zollikofeb are confirmed, according 
to which, after disappearance of the starch, the power of geotropic reaction is 
lost, while growth and phototropic reactions continue, the statolith-hypothesis 
would have received the long-sought support. 

As a rule we can only infer the geotropic irritability of an organ 
from the curvatures that take place, hut in some cases it can be 
done independently of this reaction. Thus, for example, in some 
grass seedlings (Paniceae) that have a well-developed iiiternode be- 
neath the sheathing leaf, the latter becomes full grown and no longer 
capable of curvature ; it is, however, still geotropically sensitive, since 
on the sheath being exposed to the one-sided action of gravity, the 
infcernode below, which is not itself sensitive to the stimulus, becomes 
curved. The geotropic stimulus must have been conducted from the 
sheathing leaf to the internode. In other grass seedlings (Poaeoideae) 
it has been observed that the tip of the sheath is much more sensitive 
to the geotropic stimulus than the zone of maximal growth, and a 
similar diminution of the sensibility on passing backwards from the 
tip holds for roots. It is possible with special apparatus to stimulate 
geotropically in opposite directions the apex and growing zone of 
such objects by centrifugal force, and to show that the curvature 
of the growing zone is then determined by the stimulated tip. There 
is thus a . conduction of the stimulus in the basal direction which 
overcomes the direct stimulation of the growing zone. In such cases 
a clear separation of three processes is evident, the reception of the 
stimulus (perception), the conduction of the stimulus and the reaction. 
An organ may be percejDtive without being able to react or conversely. 
We are justified in assuming that these three parts of the process 
must be distinguished in cases where they are not so evident. 

It can be inferred from these experiments that the degree of 
geotropic curvature and the rapidity with which it is produced in 
no way measures ' the amount of the stimulus, since they are largely 
dependent on the capacity for growth. "The degree of geotropic 
stimulation depends both on the specific receptivity of the stimulated 
organ and on the amount of stimulus which it has received. For 
any given organ it is directly proportional to the amount of stimulus. 
By this is understood the product of the intensity of the stimulus 
and the duiution of its action. Thus, it is the same so far as result 
is concerned, whether a high centrifugal force for a shoi-t time or a 
less force for a correspondingly longer time be employed. 

This law holds good only within certain limits. It has been 
shown that an orthotropous organ, when laid horizontally under 
constant external conditions, begins to curve after a definite time. 
The period from the commencement of stimulation to the commence- . 
ment of the reaction is termed the EEACTION-TIME. To obtain a 
geotropic reaction, however, it is not necessary to stimulate an organ 
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during the whole reaction-time, A much, shorter period of stimulation 
is sufficient to obtain a geotropic curvature as an after effect from the 
organ which has been replaced in the vertical position. The minimal 
period of stimulation after which a visible curvature results is termed 
the PKESENTATION-TIME. The law of amount of stimulus only applies 
to stimuli which last as long or somewhat longer than the presentation- 
time; the presentation-time is thus inversely proportional to the 
intensity of the stimulus. corresponding increase of geotropic 
curvature follows larger amounts of stimulus. 

Stimuli below the presentation time are not without effect. On 
repetition they are summed up and result in a curvature when the 
sum. of separate stimuli amounts to the presentation-time, if the 
intervals between the separate stimuli have not been too great. A 
lower limit for the duration of separate stimuli has not as yet been 
determined. 

The law of amount of stimulus also applies when the centrifugal 
force or gravity acts ' obliquely on an orthotropous part of a plant. 
The effect of gravity diminishes in proportion to the sine of the angle 
of incidence; if at 90° it = 1, it will be = 0*5 at 30°. Thus only the 
pressure at right angles to the long axis is effective. 

2, Phototropism (Heliotropism) 

A good opportunity for the observation of heliotropic phenomena 
is afforded by ordinary window-plants. The stems of such plants do 
not grow erect as in the open, but are inclined towards the window, 
and the leaves are all turned towards the light. The leaf* stalks and 
stems are accordingly ORTHOTROPic and positively phototropio. 
In contrast to these organs the leaf -blades take up a position at 
right angles to the rays of light in order to receive as much light as 
possible. They are BiAPHOTOTROPic, or transversely heliotropic, 
in the strictest sense. If among the plants there should be one 
with aerial roots, Chlorophytum for instance, an example of negative 
phototropism will be afforded, as the aerial roots will he found to 
grow away from the window and turn towards the room. In Fig. 
283 the phototropic curvatures which take place in a water culture 
of a seedling of the White Mustard are represented. 

Sensibility to phototropio influences is preyalent throughout the vegetable 
kingdom. Even organs like many roots, which are never under ordinary 
circumstances exposed to the light, often exhibit phototropio irritability. Positive 
phototropism is the rule with aerial vegetative axes. Negative phototropism is 
much less frequent ; it is observed in aerial roots, and sometimes also in climbing 
roots {Ficus stipulataj Begonia seandens)^ in the hypocotyl of germinating 
Mistletoe, in many, hut not all, earth roots (Sinapis, Heliani?ms), in tendiils 
(chiefly in those with attaching discs), and in the stems of some climbers. By 
means of their negative heliotropic character, the organs for climbing and attach- 
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merit, and the primary root of the Mistletoe, turn from the light towards, and are 
pressed firmly against, tlieir darker supports. 

For more exact investigation of phototropic movements it is neces- 
sary to be able to control more accurately the source and direction 
of the light. This can be best accomplished by placing the plants in 
a room or box, lighted from only one side by means of a narrow 
opening or by an artificial light. 

It then becomes apparent that HNA 

the direction of the incident rays V^ V 

of light determines the photo- 

tropic position ; every alteration 

in the direction of the rays 

produces a change in the position 

of the phototropic organs. The 7/ ^\\/\ 

apical ends of many positively // 

heliotropic organs will be found I 

to take up the same direction . 

as that of the rays of light, K 

The exactness with which this is 

done is illustrated by an experiment 

made with Pilohohis crystalUmis (Fig. — ^ 

284). The sporangiophores of this 

fungus are quickly produced on moist — - ^ 

horse or cow dung. They are posi- -,---rr-rr — 

tively photo tropic, and turn their — — 

black sporangia towards the source — — jg 

of light. When ripe these sporangia ' 

are shot away from the plant, and — 

will be found thickly clustered about 

the centre of the glass over a small 

aperture through which alone the ^ 

light has been admitted ; a proof Fiq. 283.— A seedling of the White Mustard in a 
that the sporangiophores were all water culture which has first been illuminated 
previously pointed exactly in that 

stem is turned towards the light, the root away 
airection. while the leaf blades are expanded at 

Thp nositi ve nhof otroiuV ii^cident light. XK, Sheet of 

ine poblGlVC puUGOtlupiC cork to which the seedling is attached. (After 

curvatures are brought about Noll.) 

by THE SIDE TURNED TOWARDS 

THE LIGH'r GROWING MORE SLOWLY, AND THAT AWAY FROM THE LIGHT 
MORE ACTIVELY, THAN UNDER ILLUMINATION FROM ALL SIDES. The 
converse distribution of growth is found in negative phototropism. 
As a rule curvatures only take place in the region which is 
STILL in a growing CONDITION, THE SHARPEST CURVATURE BEING AT 
THE REGION OF MOST ACTIVE GROWTH. 

The course of phototropic curvature shows a complete correspondence with 
geotropic curvature (p. 341). A. Englee has recently demonstrated phototropic 
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curvature even in trees where growth in length had ceased. It was formerly held 
that the increased growth of the shaded side in positive phototropism was produced 
by the beginning of etiolation, and that the diminished growth on the illuminated 
side was due to the retarding effect which light exerts upon growth in length 
(p. 289). This view has for some time been abandoned for good reasons ; it 
cannot be maintained even in the modified form in which it has been recently 
stated by Blaauw The fact that in many cases the curvature is far removed 

from the region stimulated by light (p. 351) is especially opposed to this explanation. 

It is evident from these considerations that it is not the difference 
in the intensity of the light which causes the heliotropic curvatures, 

but the direction in which 
Q the most intense rays of 

* * * Light acts as a motory 

STIMULUS WHEN IT PENE- 
TRATES AN ORGAN IN ANY 
OTHER DIRECTION THAN 
^ THAT WHICH CORRESPONDS 

\\ WITH THE POSITION OP 

P HELIOTROPIC EQUILIBRIUM. 

^7 Only one-sided illumination 

can thus cause curvature in 
I a plant. If, without altering 

I the direction or the inten- 

i V \ illumination, the 

I f is kept in constant 

■ Totation,'. around '^' a vertical.: 
axis, by means of clock- 

Fig. i.— Filnholus &rystnlUnus(P), ab^eethig its spovan^a w'ork the phototrOpic 
towards the light. (?, Sheet of glass; B, opaque case , • L • , • fi 

with a circular opening at P; Jlf, vessel containing Stimuli acting Oil the 

horse-dung. (Of. description in text. After not,l.) different sides neutralise 

' one another and no cur- 

vature takes place. This apparatus is known as a klinosxat. 

Tlie phototropie curvatures are most strongly produced, just as in tlie case of 
tbe heliotactic movements of freely moving s^varm-spores, by the blue and violet 
rays, while red and yellow light exerts only a much slighter influence. When a 
plant receives on one side red light, and on the other side blue light, it turns 
towards the latter, even when the red light is of greater intensity. 

Transverse phototropism is confined almost solely to leaves and 
leaf-like assimilatory organs, such as Fern prothallia and the thalli of 
Liverworts and Algae, In these organs transverse phototropism, in 
conformity with its great utility for assimilation, predominates over 
all other motory stimuli. Such organs become placed at right angles 
to the brightest rays of light to which they are exposed during their 
development; in this process torsions of the leaves or internodes 
are combined with the simple curvatures. 
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In very bright light the transverse position of the leaves may become changed to 
a' position more or less in a line with the direction of the more intense light rays. 
In assuming a more perpendicular position to avoid the direct rays of the midday 
sun, the leaf-blades of Lactuca Scariola and the Korth American SUphium kid- 
niatimi and the leaf-like shoots of some Cacti take the direction of north and south, 
and so are often referred to as compass plants. The foliage leaf has thus, like 
the chloroplast of Mesomrpus, the power of assuming either a profile or a fall- 
face position, and thus regulating the amount of light received. 

A number of foliage leaves possess pulvini (Fig. 132) at the base of 
the petiole, and also at the bases of secondary and tertiary branchings ; 
variation movements are effected by the aid of these. In this way 
these leaves are able to change their position throughout life, and at 
any moment to assume the position which affords them the optimal 
supply of light. They do not have a fixed light-position determined 
by the strongest illumination during their development, but they 
sometimes expose their edges and sometimes their surface to the light. 

Alteration of Tone — A particular part of a plant does not 

react always in the same way to one and the same stimulus ; the mode 
of reaction may be altered by age or other influences. In this sense 
the terms tone ’’ and “ change of tone are usyed. 

The flower-stalks of Linaria cymhalaria are at first positively phototropic. 
After pollination, however, they become negatively phototropic, and as they 
elongate they push their fruits into the crevices of the walls and rocks on which the 
plant grows (p. 281). 

Among external factors that alter the tone the amount of illumination itself is 
particularly important. Small amounts of light falling from one side on Avena 
produce without exception a positive phototropic curvature ; larger amounts give 
a weaker positive soon followed by a negative curvature ; still larger amounts give 
a purely negative reaction. With further increase in the illumination a positive 
reaction is again obtained; and later a weakened positive if not a negative reaction. 
How far the intensity of the illumination also influences the results cannot be 
discussed here. 

Phototropism, like geotropism, isaPHENOMENON OP irritability 
I n it the perception, conduction, and reaction of the stimulus can also 
be distinguished ; there are also presentation- time and reaction-time. 
Further, the law of amount of stimulus holds, and separate stimuli 
which are individually ineffective can be added together to produce a 
reaction. 

Localisation of Phototropic Perception. — Often the stimulus of light is received 
at the same place that the movement is effected. In certain leaves, however, the 
lamina is able to perceive a phototropic stimulus without being able to carry out 
the corresponding movement ; this takes place only after the stimulus has been 
conducted to the leaf-stalk. It is true that the leaf-stalk can also react to direct 
stimulation, but as a rule the dominant impulse prpceeds from the lamina. Still 
more striking relations are met with in the seedlings of certain Grasses ; in some 
Paniceae only the tip of the so-called cotyledon can he phototropically stimulated, 
and only the hypocotyledonary segment of the" stem, separated by some distance 
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from the tip of tlie cotyledon, is capable of curvature. In this ease there is a well- 
marked distinction between a perceptive organ and a motile organ ; the similarity 
to corresponding phenomena in geotropism and in the animal kingdom is very 
striking. There is an essential difference, however, in the method of transmission 
of the stimulus ; Nerves'’ are completely wanting in the plant, and the 
stimulus is conveyed from cell to cell 

There is no doubt that the perception of light by the plant is closely connected 
with photochemical processes. As to how the plant perceives the direction of the 
light we are, however, ignorant 

3. Chemotropism (^10) 

In the same way as light and gravity, lieat and electricity, when 
their action is one-sided, may bring about directive movements of the 
plant. Since, however, these movements play no great part in, nature 
they need not be further considered. Those directive movements 
which are brought about by the unequal distribution of dissolved or 
gaseous substances in the neighbourhood of the plant are of much 
greater importance; these movements are termed chemotropic. 

In the case of fungi and of pollen-tubes, chemotropic movements 
have been demonstrated which bring the organism into a certain 
concentration of particular substances ; this concentration is the 
optimal one. With the same organism and the same stimulating 
substance these movements are sometimes positive and sometimes 
negative ; positive when they lead towards a higher concentration of 
the substance, and negative in the converse case. In the case of 
pollen-tubes sugar is the chief substance that acts as a stimulus ; 
in fungi, in addition to sugar, peptone, asparagin, compounds of 
ammonia and phosphates. There are also substances such as free 
acids which always have a repellent influence even in extremely weak 
concentration. Chemotropic irritability has also been demonstrated 
in roots, though it cannot be said that it plays an important r 61 e in 
their life. 

In the examples of chemotropism given above, the stimulating 
substances were solid substances in solution. When on the other 
hand the plant is induced to perform directive movements by the 
unequal distribution in a space of aqueous vapour or gases, a distinct 
name has been required, though no distinction of principle can be 
drawn. Irritable movements caused by differences in moisture are 
termed HYDROTEOPIO, while those brought about by gaseous differences 
are termed aerotropic. Aerotropism has been proved for pollen 
tubes, roots, and shoots, and hydrotropism for roots and moulds. 
Thus roots are positively hydrotropic and seek out the damper spots 
in ’the soil by reason of this irritability. The sporangiophores of the 
Mucorineae are negatively hydrotropic and thus grow out from the 
substratum. These reactions may be so energetic as to overcome other 
{e.g. geotropic) stimuli. 
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4. Haptotropism (Thigmotropism) (“‘) 

A curvature inwards on one-sided contact is found especially in 
climbing plants which seek by such grasping movements to encircle 
the touching body and utilise it as a support. The arrangement 
thus resembles what was seen in the case of twining iilants, but the 

movements are not in any sense geotropio.. In the case of tendril- 

climbers, the attachment to the support is effected, not by the main 
axis of the plant, but by lateral organs of various morphological 
character (cf. p. 182). These may either retain, at the same time, their 
nonnal character and functions (as foliage leaves, shoots, or inflores- 
cences), or, as is usually the case, become modified and as typical 
^ tendrils serve solely as climbing 

1 organs. Contact with a solid body 

/ \ « quickly induces an increase in the 

Y I growth of the opposite side of the 

I O I Y without any retarda- 

I S } O f growth on the touched side, 

\ I I leads to a sharp curvature of the 

tendril which coils it about the 


Fig. 285.— Surface viuwt> of cells from the Fig. 286.— Transverse section through similar 
sensitive .side of the tendril of Ciicurbitu cells to those in Fig. 68 ; a small crystal of 

Pepo, showing tactile pits, s. (x 540, calcium oxalate (s) is present in the tactile 

After STRAi5EUiiQER.) pit. (X 450. After Stbasboroek.) 

support. The more slender the tendrils and the stronger their 
growth, the more easily and quickly this process occurs. Owing to the 
tendency of the curvature to press the tendrils more and more firmly 
against the support, deep impressions are often made by them upon 
yielding bodies, soft stems, etc. 

According to Pfeffeu’s investigations, it is of great importance to 
the tendrils in the performance of their functions that they are not 
induced to coil by every touch, but only through contact with the 
UNEVEN SURFACE OF SOLID BODIES. Eain-drops consequently never 
act as a contact stimulus ; and even the shock of a continued fall 
of mercury produces no stimulation,, while a fibre of cotton-wool 
weighing 0*00025 mgr. is sufficient to stimulate the tendril. Probably 
the so-called tactile pits (Figs. 285, 286) favour the reception of such 
weak stimuli. These are pits in the outer epidermal walls which 
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widen outwards and are filled with protoplasm. They are found, for 
instance, in the Oucurhitaceae, but may be wanting from some very 
irritable tendrils (e.g, in Pasdflora). 

The tendrils of some plants (Oobaea,, Eccremocarpus, fiissiis) are 
irritable and capable of curving on all sides ; others (tendrils of 
Oucurhitaceae and others with hooked tips) are, according to Fitting, 
sensitive on all sides but only curve when the under side is touched; 
if the upper surface is at the same time stimulated, curvature is 
arrested. Some tendrils, only sensitive on one side, have the tactile 

pits confined to tliis. In 
some cases the tendrils 
quickly grasp the support 
(Passiflora, Siai/os, Bryonia) ; 
while in other tendrils the 
supports are very slowly 
grasped (jS'mfte, Vifis), 

In the more typically de» 
veloped tendrils the curvature 
does not remain restricted to the 
portions directly subjected to 
the action of the contact stimu- 
lus. Apart from the fact that, 
in the act of cqiling, new portions 
of the tendril are being continu- 
ally brought into contact with, 
the support and so acted, upon 
by the stimulus, the stimulation 
to curvature is also transferred \ 
to the portions of the tendril 
not in contact with the support. 
Through the action of the propa- 
gated stimulus, not only is the 
free apex of the tendril twined more quickly 'around the support, but a tendency 
to curvature is imparted to the portion of the tendril between the support and 
the parent shoot. As this intervening part is extended between two fixed points, 
this tendency causes it to coil spirally, like a corkscrew. With the spiral coiling 
a torsion is produced, and since, on account of the fixed position of the two end 
points, it cannot be exerted in one direction only, the spiral, for purely mechanical 
reasons, coils partly to the left and partly to the right. Points of kfveksal (x) 
thus occur in the windings which, in equal numbers to the right and to the 
leffc, equalise the torsion (Fig. 287). By the spiral coiling of the tendrils the 
, parent-stem is not only drawn closer to the support, but the tendrils themselves 
acquire greater elasticity and are enabled to withstand the injurious effects of a 
sudden shock. ■ 

Advantageous changes also take place in the anatomical structure of the tendrils 
after they are fastened to the supports.,. The young tendrils, during their rapid 
' elongation, which under favourable conditions may amount to 90 per cent of their 
length, exhibit acti ve nutations, and thus the probability of their finding a support 
is enhanced. During this time the;^' remain soft and flexible, ’while the turgor 



Fig. 287. -^Portion of a stem of Sic.yos angulatus, one of the 
Cucurbitaceae, with tendril. The branch-tendril has 
grasped the upright support on the right and the 
free portion has become spirally wotmd. tr, Point of 
reversal in the coiling of the tendril. (After Noll.) , 
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rigidity of their apices is raaintaiiied only by collenchyma. In this condition their 
are. easily rnptared, and have hut little sustaining capacity. As soon, however, as 
a support is grasped, tlie coiled-up portion of the tendril thickens and hardens, 
while the other part lignifies and becomes so strengthened by sclei’encliymatoiis 
formations that tlie tendril can finally sustain a strain of many pounds, When 
tlie tendrils do not find a support they usually dry up and fall otf, but iu some 
cases they first coil themselves into a spiral. 

Tendril -climbers are not, like twining plants, restricted to nearly vertical 
supports, altliongh, on account of the manner in which the tendrils coil, they can 
grasp only slender supports. A few tendril-climbers are even able to attach them- 
selves to smooth walls. Their tendrils are then negatively phototropic, and 



Fig. 2SS.—Lo2)hospermwn ftmndens climbing- by means of its tondril-lilce petioles. 
(After Noll.) 


provided at their apices with small cushion-like outgrowths, which may either 
develop independently on the young tendrils, or are first called forth by contact 
irritation. These cushions become fastened to the wall by their sticky excretions 
and then grow into disc-like suckers, the cells of which come into such close 
contact with the supporting wall that it is easier to break the lignified tendrils 
tliaii to separate the li old fasts from the wall. Fig. 210 represents the tendrils of 
Parlhenocissus tricuspidata. The suckers occur oh its young tendrils in the form 
of knobs. In other species of Wild Vine the suckers are only produced as the 
result of contact, and the tendrils of these plants are also able to grasp thin 
supports. 

Sometimes, as in the case of Lophospermmn scandens (Fig. 288), 'the leaf-stalks, 
althougli bearing normal leaf -blades, are irritable to contact stimuli and 
function as tendrils. Of leaf-stalks which thus act as tendrils, good examples are 
afforded by Tropaeolum, Maurmidia, Solanum jasminoides. Nepenthes, etc. In 
other cases the midribs of the leaf-blades themselves become prolonged, and assume 
the function of tendrils {CAoriosa, ZUtoma, Magellaria). In many species of 
Fumarm and Corydalis, in addition to the leaf-stalks, even the stalks of the 
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leaflets twine around slender supports, while the parasitic shoots of Ouscuia (fig. 
221) are adapted for both twining and climbing* In many tropical plants 
axillary shoots are transformed into tendril-like climbing hooks. Climbing parts 
of the thallus occur in some Thallophyta (Florideae). 

More recent investigations have shown that haptotropism is more widespread 
tlian was previously supposed. Etiolated seedlings are always haptotropic, and 
this holds frei|uently for older shoots of green plants, especially of twining and 
climhing plants. No use appears to attach to this power The roots of 

seedlings are only exceptionally irritable to contact. 

(b) Nastie Movements 

In the tropistic and tactic movements of irritability, the direction 
of the stimulus stands in direct relation to the direction of the move- 
ment; the nastic movements, on the other hand, are either brought 
about by diffuse stimuli with no definite direction or are not influenced 
by the direction of the stimulus. The direction of the movement 
always depends on the reacting organ and not on the environment, 
the movements are not movements of orientation such as those we 
have hitherto considered. 

Typical nastic movements of variation are shown by stomata ; the structural 
relations of these determines the opening or closing of the pore by changes in the 
curvature of the guard-cells brought about by variations in their turgescence. It is 
frequently assumed that the closing on loss of water and the opening on illumina- 
tion are purely mechanical results. Loss of water will have as its direct result a 
diminution of the osmotic pressure, and illumination will increase the pressure by 
increasing the production of assimilates. It cannot, however, be doubted that in 
addition to purely physical influences true stimulus-movements also take place. 
Thus light and some other factors also may act as stimuli directing the production 
of osmotic substances by the protoplasm in particular directions. 

In other nastic movements, as in the case of the stomata, light and 
heat, chemical substances, and sometimes also vibrations, may play the 
part of stimuli. Often the movement of a particular organ results 
from several of these stimuli in the same or in different ways. 

1. Nyctinastio Movements 

Many foliage leaves and floral leaves assume different positions by 
day and by night. According as the change from the one position to 
the other is brought about by variations in the intensity of light, in 
the temperature, or in both factors at once, we distinguish between 
p>hotonasty, thermonasty, and nyctinasty. The movements are carried 
out partly as growth-movements, partly as variation-movements. 

1. Thermonasty. — Growth - movements due to variations in 
temperature are found especially in flowers, e.y. Crocus^ Tulip, 
Ornithogalum'y Colchicum^ and Adonis^ These flow^ers on a rise of 
temperature exhibit a sudden and limited acceleration of the growth 
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of tbe inner side of their perianth-leaves or petals. The fiov'ers 
coiisecjiiently open. On the other hand, they close on a fall iii the 
temperature. ^ 

The flowers of the; Tulip and Croeiis are especially sensitiTe to changes of 
temperature. Closed flowers brought from the cold into a warm room open in a 
short time ; with a difference of temperature of fi*om 15“-20® they open in two to 
flve minutes. Sensitive flowers of the Crocus react to a difference of 0, ; those of 
the Tulip to C. 

2. Photonasty, — In a similar fashion other flowers {Nymphaea^ 
Cacti) and also the flower heads of Compositae (Fig, 289) open on 
illumination and close on darkening. The night-flowering plants 
such as Silene noctiflora and 
Victoria regia behave in an 
opposite manner. 

The significance of these move- 
ments must lie in only exposing the 
sexual organs when insect- visits may 
be expected ; at other times they are 
protected against injury by rough 
weather, especially by rain. These 
plants are adapted to pollination by 
moths. 

3 NYOTINASTY Many Leontodon hastilis, closed 

„ , when kept in darkness, open when illuminated. 

lOiiagC leaves • exhibit nyctl- (From X)etm.er's rhysiol. Pract.) 

nastic movements which are 

usually influenced more by light than by temperature. In some 
cases (e.g. in Ohenopodiaceae, Caryophyllaceae, Balsamineae, and some 
Compositae) these movements are entirely growth-movements as in 
the floral leaves ; in the Leguminosae, Oxalideae, and other plants 
provided with pulvini, variation-movements are found. The former 
are naturally of short duration and cease when the leaves are full- 
grown. The latter, however, continue for a long period. In the 
movements of variation an increase of turgor probably takes place 
in darkness in both halves of the pulvinus, but more weakly or 
slowly on the concave side. The night- or sleep-position is always 
characterised by a vertical position of the laminae, the leaf-stalk or 
the pulvinus curving either upwards or downwards; the laminae 
themselves have thus either their under or upper faces turned out- 
wards. In the day-position the surfaces stand horizontally or at right 
angles to the incident light (p. 351) (Fig. 290). 

That these phenomena are not due to phototropism is shown by the day-position 
being assumed whether the under or the upper side is more strongly lighted or 
when the illumination is equal. The same holds for the effect of darkness. 

The significance of the vertical position assumed by foliage leaves at night is 
regarded by Stahl as consisting in the diminution of the formation of dew and the 
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coDsequent favouring of transpiration. The facttliat the stomata lie on tlie surface 
protected in tlie sleep-position may be noted with regard to the furthering of 
transpiration. 


Excessively high temperature or illumination causes the leaves to depart froni 
the usual clay -position and to assume a different one ; this is either externally 



Fig. 290.— Awieict zygom.eris, showing diurnal and nocturnal position of leaves. 


similar to the night-position or is diametrically opposite to this. Thus the leaflets 
of ^oUnia are bent downwards at night, in diffused daylight they are spread out 
flat, while in the hot mid-day sunlight they stand vertical. This so-called diurnal 
sleep is only found in leaves with pulviniand is brought about in a different way 
to the evening change of position ; there is no increase of turgescence but a condition 
of flaccidity, which is unequal on the two sides of the pulvinus. 

Periodic Movements 

When a plant has earned out regular nyctinastic movements for a long period 
under the influence of the alternation of day and night, the periodic movements con- 
tinue for some days in constant light or constant darkness. In some plants it is 
possible to bring about experimentally a shorter or longer period of change than the 
usual one of twenty-four hours ; this new periodicity also shows an after effect. 

On the other hand it is established that, in certain flowers {Cal&ndulcu) and 
leaves {Phaseohis\ there are also movements with a period of 24 hours, determined 
not by the rhythm of light and darkness or their after effect. The possibility 
that these movements are antonomous is excluded. Their cause is unknown 
but there is much in favour of the view of Stoppel that variations in the electrical 
conductivity of the atmosphere are of importance in determining them. It is 
true that there is no exact basis for this view. 

2, CHEMONA8TY 

Chemonasty bears the same relation to chemotropism as photonasty 
does to phototropism. From whatever side a chemical stimulus (such as 
the vapour of ether, chloroform, or ammonia) acts on a sensitive tendril 
the same side of the latter always becomes concave ; this is the side 
which is especially sensitive to haptotropic stimulation. 
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These cliemonastic curvatures of tendrils are evidently of no use to the plauts. 
The same is the case for tlie nastic movenieiits of tendrils which take p]ac»; <>u 
wounding and on rise of temperature ( trauma tonasty, thermouasty). On tiie 
otlier hand, chemonastic movements play an important part in some insectivorous 
plants. . 

^'"cry striking cliemonastic moYements are exhibited by the tentacles 
of Drusera (Fig. 214). On chemical stimulation these curve so that 
their upper sides become concave and the glandular heads are thus 
brought towards the centre of the circular leaf. Such substances as 
albunieiij phosphates, etc., which Dmera can use as food, serve as stimuli 
(p. 258) ; so also can indifferent and even poisonous substances. Often 
minimal traces of these substances {e.g. 0*0004 mgr. of ammonium 
phosphate) sufiice to bring about the irritable movement ; when the 
stimulus is applied to the summit of the tentacle it leads to the 
curvature at the base of the latter. There is thus in this case as in 
certain phototropic curvatimes, but even more clearly than in these, 
a separation between the organ of pei’ception which receives the 
stimulus and the motile organ that effects the movement. The 
stimulus received by the head of the tentacle must be conducted to 
the base of the latter. 

An insect that has settled on a marginal tentacle will be brought 
by this curvature to the centre of the lamina. The short -stalked 
tentacles borne here send a stimulus to all the marginal ones, causing 
them to 'curve inwards. The insect is thus surrounded by many 
glands and covered with their digestive secretion. 

The curvature resulting from growth is carried out in the same way as in 
tendrils. After curvature the tentacle has become considerably longer. When 
growth ceases, the motility of the tentacles is ended so that they can only close 
over a limited number of times. Further, the tentacles of Drosem in common with 
tendrils can exhibit thigmonastic, trauraatonastic, and thermonastic reactions. 
Doubtless, liowever, tbeir chemonastic irritability is the main and most important 
one. Chemical stimuli are concerned in the movements, of other insectivorous 
plants, e.g. Dionaect and Pinguicula. 

3. Seismonasty 

In Dionaea the two halves of the leaf -blade (Fig. 217) close 
together not only as a result of chemical stimuli but also owing to a 
mechanical stimulus. In contrast to the haptotropic movements of 
tendrils or of Drosem resulting from contact with solid bodies, in the 
case under' consideration every disturbance resulting from a mechanical 
shock acts as a stimulus ; the movement can thus be brought about 
by rain-drops. These movements are termed seismonastic. 

The most familiar example of seismonastic movements is furnished 
by Mimosa pudica, a tropical leguminous shrubby plant, which owes 
its name of sensitive plant to its extreme sensitiveness to contact. 
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The leaves of this plant are douhly compound (Fig. 291). Tbe 
four secondary leaf -stalks, to which closely crowded leaflets are 
attached left and right, are articulated by well-developed pulvirii with 
the primary leaf-s talks ; while they, in turn, as ^vell as the leaflets, 
are similarly provided with motile organs. Thus all these different 
parts are capable of independent movement, and the appearance of 
the entire leaf becomes, in consequence, greatly modified. In their 
imirritated, light position (Fig. 291, on the left) the leaf-stalk is 
directed obliquely upwards, while the secondary petioles with their 
leaflets are extended almost in one plane. Upon any vibration of 




Fig. 2dl.-~Mimosa p-udiea, with leaves in normal, diurnal position ; to tlie right, in the position 
assumed on stimulation ; B, inflorescences. 

the leaf, in favourable conditions of temperature (25°-30'^ 0.) and 
moisture, all its parts perform rapid movements. The leaflets fold 
together, and, at the same time, move forward, the secondary petioles 
lay themselves laterally together, while the primary leaf-stalk sinks 
downwards (Fig, 291, on the right). Leaves thus affected, if left 
undisturbed, soon resume their former position. 

The behaviour of the leaves is still more remarkable when only a 
few of the leaflets are acted upon by the stimulus. This is easily 
demonstrated by holding a burning match near the leaflets of one of 
the pinnae. The leaflets directly affected by the flame fold quickly 
upwards, and this movement is performed successively by each pair of 
leaflets of the pinna until the articulation with the primary leaf- 
stalk is reached. The stimulation is then, conveyed to the other 
pinnae, the leaflets of which go through the same movement in the 
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reverse order ; finally, tlie secondary petioles tlieniseives draw togetlier. 
Suddenh", when the whole process seems apparently finished, the 
main leaf- stalk in turn makes a downward movement. From this 
leaf the stirniilus is able to travel still farther through the stem, and 
it may thus induce movement in leaves 50 cm. distant. The stimulus 
can also be conducted from the roots to the leaves. In this case wc 
are dealing with a wound -stimulus which has far-reaching effects. 
On otherwise disturbing the plant we also find a conduction of the 
stimulus which, it is true, is not so extensive. ^ 

Tiio rate of conduction of the stimulus may attain after wounding 10 cm. 
and after contact 3 cm. per second, and thus be of considerable rapidity. It is, 
however, greatly below the conduction of the stimulus along human nerves. 
While it is not yet known with certainty how the stimulus is conducted in 
Mimosa^ it is clear that the process dilfers both from the conduction along nerves 
and from that in other eases in plants. Tlie stimulus can certainly be carried 
across killed regions ; it probably passes along the tracheides of the xyleni and 
depends on the movement of water. Mimosa thus reacts not only to the stimulus 
,of shock but to that of wounding, and the same inoyements of tlie leaves follow on 
electric shocks, sudden changes of temperature, and chemical stimuli-. 

The position of a disturbed leaf is externally similar to its sleep- or niglit-position, 
but the conditions of tension in the pulvinus which lead to the two positions differ. 
The seismonastic, like the sleep-position, is caused by variations in turgor, but 
depends on a diminution of the osmotic pressure and a flaccid condition of the half 
of the pulvinus that becomes concave. This condition can 'be most clearly recog- 
nised in the irritable under side of the main pulvinus of the leaf ; it is connected 
with an escape of liquid from the cells into the adjoining intercellular spaces. 

Many Leguminosae and Oxalideae are similar but less irritable. Thus liohinia 
pseudacada and Oxalis acdosella exhibit slight movements on strong mechanical 
stimuli. These are much less considerable than in Mimosa. Movements of the 
leaves in response to -wounding ahso are not confined to Mimosa, 

The power of reaction to ^stimuli in Mimosa evidently depends 
on external factors, and each of these when in excess or lacking may 
lead to a state of rigor. Whenever the temperature of the surround- 
ing air falls below a certain level (15'’), no movements take place, and 
the whole plant passes into a condition known as COLD EIGOU, while, 
on the other hand, at a temperature of about 40°, heat rigok occurs. 
Drought rigor is induced, just before withering, by an insufficient 
supply of water, and a bark rigor by a prolonged retention in 
darkness. In a vacuum, or on exposure to hydrogen and other gases 
— chloroform vapour, coal gas, etc. — movement also ceases, partly on 
account of insufficient oxygen, and partly from the actual poisonous 
action of the gases themselves. If the state of rigor is not continued 
too long, the original irritability will again return on the restoration 
of normal conditions. Similar conditions of rigor are met with in 
other cases of irritability. 

The variation-movements exhibited by the stamihal leaves of some Berberi- 
daceae {Berheris^ Mahonia) and Oompositae, especially beautifully by Qentaurea 
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am&ricanay bear a, certain relation to those of foliage leaves. The bow-shaped fila- 
ments of the stamens of the Coinpositae straighten upon mechanical irritation. As 

they frequently contract 10-20 per cent 
of their length,, the style becomes ex- 
tended beyond the anther- tube (Fig. 
292). The reduction in the length of 
the fila-ments is accompanied by a moder- 
ate increase in their thickness, due to the 
elastic contraction of the cell walls, and 
the consequent expulsion of water into 
the intercellular spaces. ^ The stamens 
oi Berheris and Malwnia are only sensi- 
tive to contact on the inner side near the 
base, nnd as their contraction occurs only 
on the inner side, the anthers are thus 
brought into contact with the stigma. 
The two lips of the stigmas of Mimn- 
Goldfussia, Martynia, Torenia, and 
other plants close together when touched. 
In a short time they open and are again* 
seismonastically sensitive. Openiiig 
also takes place when pollen has been 
brought to the stigma and germinated 
on it. The destructive effect of the 
pollen leads, however, to a closing 
inovement which is not a phenomenon 
of irritability. 



Fig. 202.— -A single flowor of Centaurm jdcea with 
perianth removed. JL, Stamens in normal 
position ; B, stamens contracted ; c, lower 
part of tubular perianth; s, stamens; a, 
anther - tube ; g, style ; P, pollen. (After 
enlarged.) 


While seismonasty is a peculiar 
form of irritability, it is also the 
extreme form of haptotropism. There are plants which exhibit a 
perception intermediate between irritability to contact and to shock. 
This applies to certain etiolated seedlings, the haptotropism of which 
was mentioned above; a jet of water or gelatine is sufficient to 
stimulate them,- though more weakly than stroking with solid 
bodies 
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Special Botany is concerned with the special morphology, physiology, 
and ecology of plants. While it is the province of general botany to 
ascertain the laws that hold for the structure, vital processes, and the 
adaptations in the whole vegetable kingdom, it is the task of special 
botany to deal with the separate groups of plants. It is the endeavour 
of special morphology to obtain some insight into the phylogenw of 
THE VEGETABLE KINGDOM by morphological comparison of the manifold 
^ types of plants. The solution of this problem would provide the key 
the construction of a natural system of classification of plants 
base'^ upon their actual relationships. ’ Such a system must necessarily 
be ve'^i’y imperfect, as it is not possible to determine directly the 
phylo^^enetic connection of different plants, but only to infer their 
reiatimships indirectly from morphological comparisons. 

Siuch a natural system, founded on the actual relationship existing 
between different plants, stands in direct opposition to the artificial 
SYSt/sm, to which has never been attributed more than a practical 
valM in grouping the plants in such a manner that they could easily 
be/determined and classified. Of all the earlier artificial systems, 
tbe sexual system proposed by Linnaeus in the year 1735 is the 
omly one which need be considered. 

.^Linnaeus, in establishing his classification, utilised characteristics which referred 
exclutdvely to the sexual organs, and on this ha.sis distinguished twenty-four classes 
of plants. In the last or twenty-fourth class he included all such plants as were 
devoid of any visible sexual organs, and termed them collectively Cbyptogams. 
Of the Cryptogams there were at that time but comparatively few forms known, and 
the complicated methods of reproduction, of this large group of plants were absolutely 
unknowHi In contrast to the Cryptogams, the other twenty-three classes were dis- 
tinguished as Phanerogams or plants whose flowers with their sexual organs could 
be easily seen. Linnaeus divided the Phanerogams, according to the distribution 
of the sexes in their flowers, into such as possessed hermaphrodite flowers (Classes 
I, -XX.), and those in which the flowers were unisexual (XXL-XXIIL), Plants 
with her in aphrodite flowers he again divided fiito three groufis : those with free 
stamens (I. -XV.), which he further distinguished according to the number, mode 
of insertion, and relative length of the stamens ; those with stamens united with 
each other (XYI.-XIX.) ; and those in which the stamens were united with the 
pistil (XX,). Each of the twenty-four classes was, similarly subdivided into 
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orders. Wliiie some of the classes and orders thus constituted represent naturally 
related groups, although by the method of their arrangement in the artiJicial 
system they are isolated and widely removed from their proper position, they 
include, for the most part, plants which phylogenetically are very far apart. 


Linnaeus himself (1738) felt the necessity of establishing natural 
families in which the plants should be arranged according to their \ 

‘^relationships.^' So long, however, as the belief in the immutability 
of species prevailed, the expressions relationship and family could 
have no more than a hypothetical meaning, and merely indicated a ^ 

supposed agreement between plants having similar external forms. 

A true basis for a natural system of classification of organisms was 

first afforded by the theory of evolution* € 



The system adopted as the basis of the following description and 
systematic arrangement of plants is the natural system of Alexanber 
Braun, as modified and further perfected by Eighler, Engler, 
Wettstein, and others. 

The vegetable kingdom may be divided into the following four 
main groups : 

1. Thallophyta. 

2. Bryophyta. 

3. Pteridophyta. 

4. Spermatophyta. ^ 


DIVISION I 


THALLOPHYTA. BRYOPHYTA. PTERIDOPHYTA 


Since the time of Linnaeus the Thallophytes, Bryophytes, an 
Pteridophytes have been termed collectively. Cryptogams in cont^ 
to the Phanerogams or Spermatophyta. These two main division-**'*^^ 
however, of unequal systematic value, for the lower Phane^^ 
approach the Pteridophyta, from which they have originate^ 
closely than these most highly developed Cryptogams appi' 
Bryophyta. The Bryophyta and the Thallophyta agree i 
composed of more or less uniform cells, and are contrasted as c:. 

PLANTS with the VASCULAR PLANTS Comprising the Pteridop/ 
Spermatophyta. Since, however, the Bryophyta and Ptorii 
agree in many respects, and appear to have diverged from a . 
source, the distinction of cellular and vascular plants must nc . • 
strongly insisted upon. j ' 

The Spermatophyta are distinguished by their distril/ >ii 
means of seebs from the Cryptogams, which form SPOR]^;- '4. 
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arc unicellular structures which become separated from the parent j}]aut5 
ami form the starting-point of the development of a new iridividuaL 
The Cryptogams might, therefore, be termed spore-bearing plants. The 
seed-plants also produce spores, but the 'sporangium and contained spore, 
wliich as a special structure develops into the seed, continues its 
development while still connected with the parent plant, the seeds 
])eing ultimately separated from this. 

The distinctions between the Thallophytes, Bryophytes, and 
Pterido})hytes are briefly the following : 

The Thallophyta include a great variety of plants, the 
vegetative portion of which may consist of one or many cells in the 
form of a moi’e or less branched thallus, Eeproduction is both 
sexual and asexual, but there is usually no definite succession of the 
two modes of reproduction. An alternation of generations only 
appears in the higher forms. 

The Bryophyta and Pteridophyta exhibit a regular alternation 
of two generations in their life-history. The asexual generation forms 
spores, and is called the sporophyte.. From the spore the sexual 
generation or gametophyte develops; this beai's sexual organs of 
characteristic construction, the male organs being called antheridia, 
and the female organs archegonia. From the egg-cell contained in 
the latter, after fertilisation, the sporophyte again arises. 

In the Bryophyta the plant body is always a thallus, although in 
the higher Mosses there is a segmentation into stems and leaves. The 
Bryophytes possess no true roots, and their conducting bundles, when 
present, are of the simplest structure. The sporophyte is a stalked 
or unstalked capsule, which lives semi-parasitically on the sexual plant. 

The Pteridophyta have small thalloid gametophytes ; the sporo- 
phytes exhibit a segmentation into stems, leaves, and roots, and also 
possess true vascular bundles; they thus resemble the Spermato- 
phyta in structure. 

Tho Bryopliyta and Pteridopliyta are united as the Archegoniatae on account 
of the strnctiiral agreement in their female reproductive organs or archegonia. 
Those organs are also present in a somewhat simplified form in the lower Spermato- 
phyfca (in most Gymnosperms), so that a sharp line cannot be drawn between the 
Archegoniatae and higher groups of plants. 


I. THALLOPHYTA (1) 

It was formerly customary to divide the Thallophyta into 
Algae, Fungi, and Lichens. The Algae are Thallophytes which 
possess chromatophores with pigments, particularly chlorophyll ; 
they are, therefore, capable of assimilating and providing inde- 
pendently for tbeir own nutrition (autotrophic). The Fungi, on the 
other hand, are colourless and have a saprophytic or parasitic mode 
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of life (heterotropliic). There are also Algae which are not strictly 
autotrophic but can in greater or less degree employ oi’ganic substances 
in their metairolism ; these mixotrophic forms succeed well in impure 
water. Such a method of classification, however, although possessing 
a physiological value, has no phylogenetic significance, as it does not 
express the natural relationships between the various groups. In 
the Lichens (Lichenes), which were formerly regarded as simple 
organisms, the thallus affords an instance of a symbiosis of Algae 
and Fungi. From a strictly systematic standpoint, the Fungi and 
Algae composing the Lichens should be classified separately, each in 
their own class ; but the Lichens, among themselves, exhibit such a 
similarity in structure and mode of life, that a better conception of 
their characteristic peculiarities is obtained by their treatment as a 
distinct class in connection with the Fungi. 

The phylogenetic connections of the fourteen classes into -which 
the Thallophyta are divided are expressed, so far as is possible, in 
the following scheme: 


iBacteria, Bacteria. 

Gycmophyceaey Blue-green Algae. 


03 , 

s 




^^Afyxomycetes, Slime-Fungi. 
momDinoflagellatae, Din ofl gellates . 
^mBiatonieae, Diatoms. 
wnmConjugatae^ ConjxigSi.tQs. 
vmmHeterocontae. [. 

Green Algae. 

I I flmmKmEhodQ;phyceae, Bed Algae. 

I iwmrnmmmmmEmtyceteSy Fuilgi. 

iimi —i ii iB hycompkes, Algal Fungi. 

Brown Algae. 
•wmmmmmmmmmQJiaraceae^ Stone-worts. 


The Bacteria and Cyanophyceae are among the most simply organised Thallo- 
phyta ; they are closely connected and are often grouped together as the Schizo- 
phyta. They occupy an isolated position in contrast to the remaining simple 
Thallophytes, wliioli 'with greater or less probability may he derived from the 
Flagellatae. The Flagellatae used to he (and frequently still are) placed with the 
lowest animals. As a matter of fact they combine plant and animal characteristics, 
and may also be regarded as the starting-point of the lower animals. The 
Myxomycetes may also have sprung from them as a group of colourless saprophytes. 
The Peridiueae are a further developed branch of the Flagellatae. The simplest 
forms among the Heterocontae, the Green Algae, and the Pliaeophyceae connect 
directly with the Flagellata ; on the other hand, a direct connection of the latter 
with the Conjugatae and Diatomeae presents greater difficulty. 

The Phycomycetes have branched off from the main series of the Chlorophyceae. 
The origin of the Bed Algae and the Fumycet^s, which appear to have sprung from 
a common stock, is still in doubts The Characeae occupy a quite isolated and very 
advanced position, and have usually been regarded as the most highly developed 
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of tilt.; Greon Algae ; they appear to be eoniiected in important characters witb 
the Bi'own Algae. 

The Tballophytes are commonly multiplied and clistribiited by 
asexually produced SPORMS, the mode of development of which ditlers 
in the several groups. In many cases the spores arise by a process 
of cell division within certain cells, which are known as sporangia ; 
in other eases they arise by modification and separation of cells of 
the thallus or by a process of eeil-budding. When tlie spores possess 
cilia and are able to move actively in the water, they are known as 
swarm-spores (zoospores); when they do not bear cilia they are 
termed aplanospores. . In the latter case the spores if distributed 
by water may be naked, or they may be provided with a cell wall 
and suited for distribution in the air. ■ 

Sexual reproduction is also of widespread occurrence. It 
consists, in the simplest cases, in the pi*oduction of a single cell, 
the ZYGOSPORM or ZYGOTE, by the union or conjugation of two 
similarly formed sexual cells or gametes (isogamy). The organs in 
which the gametes are formed are termed gametangia ; planogametes 
are provided with cilia while aplanogametes are non-ciliated. In 
many of the more highly developed forms, however, the gametes are 
differentiated as small, usually ciliated, male cells or spermatozoibs, 
and as larger non-ciliated female ceils, the egg-cells or OOSPIIERES. 
The spermatozoids are formed in ANTHERIDIA, the oospheres in OOGONIA. 
The zygote which results from the fertilisation of an oosphere by a 
spermatozoid is known as an oospore when it passes into a resting 
condition ; it may, however, in certain groups commence its develop- 
ment at once. It must be assumed that the sexual cells have been 
derived in the phjdogeny of plants from asexual spores. The 
gametangia, oogonia, antheridia, and sporangia of the Thallophyta 
are homologous structures. The sexual- reproduction has originated 
independently in several distinct groups. 

While the reproduction of some Thallophyta is exclusively asexual, and of others 
exclusively sexual, in many others both forms of reproduction occur. In the latter 
case this may oceur on the one plant, or separate successive generations may be 
distinguishable. Generally speaking, there is, however, no regular succession of 
asexual and sexual generations in Thallophytes, the mode of reproduction being to 
a great extent under the influence of external conditions {^). Only in some Brown 
Sea-weeds, in the Red Sea-weeds, and some Fungi is there an alternation of a 
sexual generation (gametophyte) with an asexual (sporophyte), such as is found 
in all Bryophytes and Pteridophytes. 

In the union of the two sexual cells the fusion nucleus obtains the 'double 
nuTnl>or of chromosomes ; it becomes diploid while the sexual cells always have 
iiAPLori) nuclei. A keduction division of the diploid nucleus to the haploid 
must therefore occur in the course of the ontogenetic development and a distinc- 
tion can thus be made between a haploid and a diploid phase in the life-history 
of the ]>lant. The reduction division in many groups of Thallophyta takes place 
in the germinating zygote. It may, however, occur at different stages even in the 
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same, natural group and is thus not necessarily connected \Yitii the coiurnencement of 
a new generation. In certain Brown Algae and in all Arcliegoniatae tlie reduction 
takes place in the sporangia so that the ganietophyte is regularly haploid and 
the sporophyte diploid. The nuclear difference cannot, however, be regarded as 
determining the specific structure of the alternating generations. 

The reproductive ceils (swarm-spores, gametes) of the classes of Thallophyta 
which can bo derived from the Flagellata are in many cases ciliated, naked proto- 
plasts resembling the cells of Flagellates. Even in the Bryopbyta and Pterido- 
pbyta, and also in the Gycadeae and Ginkgoaceae, the male gametes, though 
also secondarily modified, exhibit this return during the ontogeny to the j)liyletic 
original form. ' 

Class I 
Bacteria 

Bacteria are unicellular or filamentous organisms of very simple 
construction. Chlorophyll is wanting in them, and their mode of 
life is usually a parasitic or saprophytic one. A large number 
of species exist distributed over the whole earth, in water, in the 
soil, in the atmosphere, or in the bodies of dead or living plants and 
animals. They are often termed Fission Fungi, or Schizomycetes, 
since the multiplication of the unicellular forms takes place by a 
di'vdsion into two and the separation of the segments. This mode 
of multiplication is also found in other unicellular plants. 

The cells of the Bacteria are surrounded by a thin chitinous 
membrane, and contain a protoplasmic body, which is usually 
colourless, and can be made to contract away from the membrane 
by plasmolysis. The protoplasm may contain one or more vacuoles. 
One or several granular structures are also present in the protoplast; 
these so-called chromatin bodies may be deeply coloured by stains, 
and have been regarded as nuclei by various authors. Since, as yet, 
undoubted karyoHnetic division has not been observed in these 
bodies, the presence of nuclei in the bacterial cell cannot be regarded 
as certainly established. 

For the most part the Bacteria are extraordinarily minute organ- 
isms, and probably include the smallest known living beings. The 
spherical cells of the smallest forms are only 0*0008 mm. in 
diameter; the rod-shaped cells of the tubercle bacillus are only 
0*0015-0*004 mm. long, while most species are about 0*001 mm. 
Ibroad and 0*005 mm. long. 

The simplest forms of Fission Fungi are minute spherical 
cells, COCGI. Forms consisting of rod-shaped cells are designated 
, BACTERIUM or BACILLUS. Rpd-shaped forms with a slight spiral 
curvature are called vibrio, and those more strongly curved spirillum. 
The unicellular cocci, rod-shaped forms, and vibrios may also remain 
united in chains after the cell division. ’ Frequently the cell membranes 
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iindergrja mucilaginous swelling, the cells or cell-rows being embedded 
in the gelatiiioiis mass. This stage of development is termed zoogloea. 

In contradistinction to these unicellular Haplobactepja the 
Tkicuiodacteria form hlaments which as a rule are simple {Lepfothrk^ 
Begifwtoc^ G-rnnothru'), In Gladothrix, however, they exhibit what is 
termed false branching. This comes about by the distal portion of 
the filament being left on one side while the original line is continued 
by tlie division of tlie cell behind the break, 

j\Iany Bacteria 'are motile. Their independent movements are 
due to the vibration and contraction of fine protoplasmic cilia 
These cilia, according to A. Fischer, are either distributed over 
the whole surface of the cells (peritrichoiis) (e.g. Bacillus sulHUs, Fig. 
295 il; Bacillus ti/pM, Fig, 293 c; Badllus ' tetanic Fig. 298 e), or 


Ftg. —Typos of arrangeineiit f>f flagella. «, 
Vibrio cholerctc ; 1>, a, SpiriUnm. ‘iindula; 
development of a new bunch of cilia in divi* 
sion ; e, Bui.'illns typlii ; e, Budllns subtilU'. 
(x 2200. After A. Fischur.) 


Fig. 20i.‘-~CladotJmx dichotoma, B’orniation 
of swarm-cells from the , cells of the iila- 
meut. (x 1000. After A, Fischer.) 


they spring from a single point either as a single flagellum (mono- 
trichous) or as a group (lophotriehous). A single, polar flagellum 
occurs in Vibrio chokrae (Fig. 293 a)] a polar terminal tuft of 
flagella in Spirillum unchda (Fig. 293 5, d) ; a lateral tuft in the 
swarm-spores of Gladothix (Fig. 294). The ciliary tufts may become 
so closely intertwined as to present the appearance of a single thick 
flagellum. The cilia are never drawn within the body of the 
cell, but undergo dissolution before the formation of spores takes 
place, or under unfavourable conditions (Fig. 293 e). 

Multiplication of the individual is accomplished vegetatively by" 
the active division or fission of the cells ; the preservation and dis- 
tribution of the species by the asexual formation of resting spores. 
These arise as endospores (Figs. 295 c, ,296 d, /) in the middle or 
at one end of a cell by the inner portipn of the protoplasm separat- 
ing itself from the peripher^^l, and surrounding itself with a thick 
membrane. The membrane of the mother cell becomes swollen and 
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disintegrated when tlie spore is ripe. Spores are not found in all 
species. 

Order 1. Haplobaeteria. Unioelltjlab, Bacteria 
Tliis includes tile great majority of the species. 

Altliougli the cycle of forms passed through in the life-history of a Bacterium 
is a very simple one, the individual species, which can often be barely dis- 
tinguished by morphological characters, show great variety in their metabolic 
processes and in their mode of life. The majority of Bacteria require oxygen for 
their respiration, and are therefore aerobic ; many can, however, develop without 

this gas, while some species, e,cj, 
the butyric acid foacfcerium and the 
tetamts bacillus, are strictly anae- 
robic and only succeed in the absence 
of oxygen. Some bacteria produce 
by their respiration considerable 
heat; this is the exi3lanation of 
the spontaneous heating of damp 
hay, dung, tobacco, and cotton-wool. 
In such substrata Bacillus calf actor 
develops ; it is adapted to live at 
high temperatures (above 40®) and 
is still motile at over 70° 0. (of. p. 

m). 

Saprophy tic and parasitic species 
are distinguished, although a sharp 
separation is often impossible. In 
cultures the parasitic forms can be 
made to lead a saprophytic life on 
suitable substrata. 

Bacillus subtiUs,ila.& Hay bacillus 
(Eig. 295), which appears as a rule 

in the decoction obtained by boiling 
cells : » spores from the soogloea r M x 1600 ; j 

« X 250. From A. Fischer, ^ ^ 



Fxo. %)b.—Badnns suhfUis. a, d, Motile colls and 
chain of cells; 1), iion-motile cells and chains of 
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of the life-history of a bacterinm. 
The spores of this S 2 )ecies, which 
withstand the effect of the boiling water, produce on germination rod-shaped 
swarming cells with cilia on all sides ; these divide and may remain connected 
in short chains. At the surface of the fluid these swarming cells change into non- 
motile cells without cilia ; these divide up, giving rise to long intertwined chains 
of cells. These are associated together in the pellicle covering the surface 
(zoogloea stage). Spore formation occurs when the nutritive substances in the 
fluid are exhausted. 

The zymogenous (or fermentation Bacteria and the saprogenous or decomposi- 
tion Bacteria are other saprophytic forms. The former oxidise or ferment carbo- 
hydrates. The latter decompose nitrogenous animal or vegetable substances 
(albumen, meat, etc.) with the liberation of ill-smelling gases. 

The acetic acid bacteria (Eig. 296 a, b, C) oxidise alcohol to acetic acid. The 
transformation of sugar into lactic acid is brought about by the rod-liko cells of 
Bacillus acidi 'lacUci (Eig. 296 i?). OlostriMum hutyricum (Fig. 296 e) forms 
butyric acid from various carbohydrates in the absence of oxygen, while certain 
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iiiar^h baoteriLi (Fig. 2U6 /) in tlie absence of oxygen form marsli-gas aijd hy<lr«tgeu 
rruui cciIiilo.se. Binnllns ^woteus is the most common cause of decomposition of 
iiicar-, albuiiiLui. eie. 

Blr>yp!oci>Cf:iLS [Lensoiwstoc) mesenteTwules (Fig. 297) causes fermentation of 
boet-s.ugar. it forms large mucilagmous masses like frog-spawji, tiie bead-like 
rows of cfdls being surromided by a gelatinous investment. The latter is not 
formed in media from which sugar is absent. 

The Purple Bacteria, which develop in water containing decomposing organic 
matter in the absence of oxygen and the presence of light, contain, according to 
Mollsch (•^), a green and a red pigment (bacterio-chlorin and bacterio-purpiirin). 
Other bacteria secrete pigments in their cells or around them. The latter is 
the case with Bacillus procUgiosiis, tlie ellipsoid peritriciious rod-shaped colls of 
which form fuchsin-red colonies on milk or bread, and So have given rise 
to the juiracle of the bleeding’ Host. 


Fig. 290, — Bacteria of fermentation, tt-e, Vinegar bacteria ; a, BocIUils aceti ; &, Bac, Pastcuna7ms ; 
c, Ba.f', Kutzhigimivs ; d. Ban. midi lactiei, lactic acid bacillus ; c, Clostridium. hutyricuM, 
butyric acid bacillus ; /, Plcctridiaiii paludomM, fermentation baeteriiiin from niarsli water, 
( X lOOO. From A. Fischer, Vorhs. iihei' Bactcricn.) 

The photogenic bacteria produce within their cells a substance which becomes 
phosphorescent on oxidation. The most widely spread of these phosphorescent 
bacteria is Bacteriimi phospli areum, which occurs on meat. 

Certain soil -bacteria {Clostridium, Fasteurianumi Azotohacter cliroococcum) and 
marine bacteria are able to assimilate free nitrogen. To these nitrogen-fixing 
forms also belong Bacillus {FMzobkm.) radicicola and Bacillus BeijeHnckii which 
live symbiotically in the root-nodules of the Leguminosae (Figs. 251, 252). 
Mijcohactcrium Etihiacearum is similarly symbiotic in the leaves of tropical Rubia- 
ceae and produces analogous bacterial galls (*). On the other hand, de-nitrifying 
bacteria, whicli decompose nitrates and nitrites wdth liberation of free oxygen, 
occur both in the soil and in the sea (cf, p. 276). 

The parasitic bacteria inliabit both animals and plants causing bacterioses. 
Bacillus tumcfaciens^ discovered by Smith, gives rise to the cancer-like tumours 
of Orown-gall on the higher plants. This organism is also pathogenic to man. 
Another example is Bacillus pliytopWiarm, which attacks the potato (’’), 

The numerous pathogenic Bacteria are the most important causes of infectious 
diseases. Their injurious influence on the tissues and blood of men and animals 
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is brouglit about by the excretion of . poisonous substances, to ■which the name 

toxins has been given. The following forms may be mentioried. 

pyogenes (Wig. 298 a), the cocci of which form irregular or racemose masses, is 


the most common cause of suppuration, 



^ ■while Streptococcus pyogenes {¥ig. 2% h), 

\ ~ with cocci united in chains, occurs in ery- 

f ^ J ^ ^ sipelas and other suppurative lesions. 

S-^ £ Micrococcus [Diplococcus) gonorrJioeae {^igs, 

298 c, 299 a) lias somewhat flattened cocci 
'/ '"o arranged in pairs, and causes gonorrhoea. 

> jSacillus anthraois (Figs, 298 c?, 299 c) 
1 ^ \ found by R. Kooh in the blood and 

Y « i organs of animals suffering from splenic 

f^/ \ A""!' Yg fever. The . relati vely large rod - shaped 

l V cells may be united in short chains ; they 

C yx form endospores in cultures in the same 

^ way as the Hay bacillus. Bacillus tetani 
)7. — Stre^'itQcuccusvicsenterioidcs. A, Iso- (h'lS* 298^) occurs in the soil, and is the 
3d cells witliout gelatinous sheatli; cause of tetanus. Its straight rod-shaped 
a, formation of cliain of cells with cells are ciliated, and grow only in the 
atinous sheath; D, portion of mature * 

, „ „ ’ . ' , ,, . woimcl itself : tlieir spores are lormed m 

■gloea ; JS, iormation ot isolated cells m , ■ i n .ir . /r 

i lilaments of the zoogloea. (x sso. ^he swollen end. Bacillus Wtfluenzae, slioxt^ 
:er Van Tieghem.) slender rod.s ; Bacillus pestis, sniall, stout, 

non-motile rods. LcJppleii’s Bacillus diph* 


, 298. — Pathogenic Bacteria, a, Pus cocci ; Z>, erysipelas cocci ; c, gonorrhoea cocci ; d, splenic 
fever bacilli; e, tetanus bacilli ; /, dii^htheria bacilli < 7 , tubercle bacilli ; A, typhoid bacilli ; 
if colon bacilli ; ?c, cholera vibrios. (,x about 1500. From A. Fischer, Vorles. iiber Bacterien,) 


be' reasons it is grouped with some other species in a special family, the 
moj^acteriaceae (S). Typhoid fever is caused by the ciliated cells of Bacillus 
iM.. (Fig. 298 h) ; Bacilhis coU (Fig. 298 t), the colon bacillus, which is as a 
Ig^barmless and always occurs in the human intestine, closely resembles the 
|h^d bacillus. The comma bacillus of Asiatic cholera, Vibrio cholerae (Fig. 298 k), 
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wH.s discovered u\- ll. Koch. It occurs in the intestine as short curved r-ods witi^ 
a polar nagelliiui, and sometimes in longer spirally-wound chains. 
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Fia. iJii't.— Stained preparations IVoiu Zit>gier’s Text-hook of Fatholofji/. «, Gonueocci in the 
gonorrhoeal disehurge, mucus and pus corpuscles with cocci (methylene blue and eosiii), x 700; 
0 , tuhercle bacilli in sputum of phthisis (fuchsiii and methylene blue), x 400 ; c, splenic fever 
bacilli in the pustule of the disease (methylene blue and vesuvin), x 3o0. (From A. Fisoiirr, 
For/es. Hhcr Dcuierkih) 

Beside.s the above injurious parasites there are others which are more or less 
harmless oceuiTiiig on tlie mucous membranes, in the mouth (.Fig, 80), or the 
intestine. Snrciiia TC/Uriculi^ which 
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occurs as packets of cocci in the stomach 
and intestine of man, will serve as an 
example of these. 

In addition to sa]»rophylic and p)ara- 
sitic Bacteria, there are others which, 
though possessing no chloro[diyll, obtain 
their food from inorganic compounds 
only. These are the Kitritc Bacteria 
{Nitroso'iuonas) and the Nitrate Bacteria 
{Nitrohactc}'), which live in the soil. The 
former oxidises ammonia to nitrous acid, 
and the latter oxidises the nitrous to 
nitric acid. They botli obtain their carbon from carbonic acid, and thus derive 
their food indc})endently of any organic food-supply (Fig. 300, cf. p. 254). 


Fio. 300. — Nitrifying bacteria, after Wxnog it ad- 
sky. a, Kitrosomouas ev.ropaea, from Zuricli ; 
h, Nitrommonas pmnensw, from Java; r, 
Nitrohacter, from Quito, (x 1000. From 
Fischer, Vorles, Bacfencn.) 


Order 2. Trieiiobaeteria. Filamentous Bacteria (^) 

The filamentous bacteria comprise only a few genera. Tliey approach in their 
organisation tlie filamentous Cyanophyceae and may, ini part at least, have been 
derived from these as colourless forms. The majority live saprophytically in water 
but some are autotrojdnc. 

The widely distributed Cladotkrix dichotoma is morphologically the highest 
among these. It is found in stagnant water, and consists of falsely - branching 
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delicate filaments attached to Algae, stones, and woodwork, and forming a slimy 
coating over them ; the filaments are composed of rod-sliaped ceils. Reproduction 
is elfected by ciliated swarm-cells, which originate by division from cells of the 
filament and are set free by the swelling of the sheath (Fig. *294). The swarm- 
cells come to rest after a time and grow into new filaments. 

Another very common form Crenoihrix polys])ora, which consists of un- 
branched filaments attached to the substratum, but easily broken, and can 
accumulate hydrated oxide of iron in its sheaths. It often forms masses in the 
cavities of water-pipes, blocking them up and rendering the water undrinkable. 
The reproduction of is effected by small, round, non-motile cells, which 

arise by subdivision of the cells of a filament enclosed by its sheath. 

The numerous kinds of Sulphur Bacteria, of Beggiaioa alba is the most 

widely distributed, are found in sulphurous springs and at the bottom of pools 
where sulphuretted hydrogen is being formed by decomposition of organic 
material. The sulphur bacteria can thus live autotrophically, without organic 
food, utilising in their metabolism salts of ammonium and carbon dioxide. These 
bacteria oxidise sulphuretted hydrogen into sulphur, and store the latter substance 
in the form of rounded granules within their cells, ultimately oxidising it to 
sulphuric acid. Some Haplobacteria also belong to tliis xdiysiological group 
(cf p. 276). 

0/damydothrix {Leptothrix) ochracea, the so-called Iron- Bacterium, oxidises oxide 
of iron to the hydrated oxide, of iron which it accumulates in the sheaths of its 
filaments. It occurs in ditches and swampy places in meadows. It can thus exist 
with only a trace of organic food, but on the other hand succeeds well witliout iron 
in organic food-solutions. 

Other iron -bacteria such as Spirophyllwni ferrugincum according to Lieske 
are purely autotrophic. They only succeed in water containing in addition to 
small quantities of inorganic salts sonie carbonate of iron. They oxidise the 
ferrous oxide to the hydrated oxide of iron which they accumulate. This oxida- 
tion process supplies the energy for the assimilation of carbon dioxide. 

Class II 

Cyanophyeeae, Blue-green Algae 

Tlie Cyanophyceae are simply organised unicellular or filamentous 
Thallophytes of a bluish -green colour ; the cells or filaments are 
frequently united into colonies by the gelatinous swelling of the cell 
walls. The numerous species, which are distributed over the earth, 
live in water, or form gelatinous or filamentous growths on damp 
soil, damp rocks, or the bark of trees. Like the pure green Algae, 
they are autotrophic. 

The protoplast of each cell possesses a peripheral chromatophore of the form of 
a liollow cylinder or hollow sphere ; in addition to chlorophyll this contains a 
blue-green pigment (phycocyan) from which the name of the class is derived, and in 
some species also a red pigment (phycoerythrin). The product of assimilation 
is glycogen. The centre of the cell . is occupied by the colourless central body, 
which corresponds to a nucleus and contains chromosome-like structures. As 
definite inclusions of the cells may be mentioned the cyanophycin granules, 



Dir. I 


THALLOPHYTA 


?}77 


which arc fh' proteid nature and are situated within the chrouiatophore. The 
eel] w-dl I'ciislsts of cellulose and pectic substances. 

Re]U’uductioii is exclusively vegetative by cell division. In many forms resting 
spores arise by the eiiiargeiiient of single cells, the walls of which become greatly 
' thickened I'Fig. 302). This ju-ocess differs from that in the Bacteria. 

Just as the Bacteria are designated Fission Fungi (SchiJioinycetes), the Blue- 
green Algae may be termed Fis.sion Algae (Schizophyceae), since the reproduction 
of both depends on fission. The two groups would form the class of fission })lants 
Schizophyta. The Bacteria and the Cyanophyceae have much in common, hut 
the cilia and eiidospores of the former are unknown in the latter group, 

TJie simplest Cyanophyceae. consist of spherical cells ; this is the ease with 
specie.? of CIcronroccus. In Oloi'ocaj)sa (Fig. 35), found on damp rocks and walls, 



Fit;. 301.-~.fi, Osi'iUvrin ]iri)«rps: tf, terminal portion ot‘ a 
iilanuait ; f> and e, portion.s from tlie middle of a lilament 
•]n’Operly fis:<^d and stainod ; t, cells in divi.sion(x lOSO). 
Ji, Fm-lichil (x 540). (After vSTRASBuraucR.) 


Fn ;. .302 . — Xostoc LinolciL A .species 
that floats freelj' in water. A, 
Filament with two lieterocysts 
(h) and a large inunber of spores 
(pp) ; ii, isolated spore beginning 
to germinate ; C, young lilament 
developed from spore, (x ft50. 
After Bornet.) 


the cells remain connected together after division in a gelatinous mass, forming 
a multicellular colony. 

The sjjecies of OsGillaria, which occur everywhere in water or on damp soil, 
are the simplest of the lilamentous forms which may be unbranched or exhibit 
false branching (.Fig. 86). The filament, which is usually provided with a thick 
.sheath, consists of similar flattened cells (Fig. 301). It can separate into pieces 
(hormogonia), which become free owing to tlie pressure of the sheath, and grow 
into new lilaments. In other filamentous Cyanophyceae specially modified cells 
with their contents degenerated occur in the filament. The significance of these 
HKTKiiooYSTs is not jet clear. The species of I^ostoc (Fig. 302), wliose bead- 
like filaments are united by the swelling of the cell ’walls into more or loss 
spherical gelatinous colonies living on damp soil or. in w^ater, afford an example 
of this. 

The filamentous Cyanoidiyceae, especially the Oscillarieae and the hormogonia 
of Nostoc and some related genera carry out creeping movements on a solid 
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substratum and are both phototactic and cheniotactic. These movements 
are effeeted by tlie swelling of an anisotropoiis iiiiicilage excreted by the cells. 
The main axis of swelling of this foi’ins an acute angle with, the long axis of the 
lilament, so that tlie latter is moved forwards without rotating on its axis 

Some Cyanophyceae take part with the Fungi in the formation of Lichens. 
Some species also are* endophytic and inhabit cavities in other plants, c.q, 
Anahaena, in Azolla, Nostoc in some Liverworts, in Levina^ and in the roots of 
ih/oas. jSAsioc pmetiforme occurs as a facultative parasite in the rhizome of 
Gunnera 


Class III 

Flagellata (Flagellates) (L 12^ 


The Flagellata are a group of uiiieelliilar, aquatic organisms 
exhibiting a wide range of form ; they combine animal and vegetable 


characteristics, and may be regarded 
as the starting-point on the one side 
of unicellular Thallophytes, on the 
other of the Protozoa, 

The protoplast exhibits con- 
tractile or amoeboid movements, and 
is limited by a denser protoplasmic 
layer and not by a definite cell 
wall. One or more cilia (flagella) 
are present as motile organs. The 



Fio. BOS.—Ghrysamoeha 7'adians. Occur.s in fresli 
water uud lias a single eilinm and two brown- 
isli*yello\v cliromatophorevS. 1, Ordinary form ; 
,i?, amoeboid condition with radiating pseudo- 
podia. (After Klebs.) 



Fio. 304. — Dinohryon Sertularia, Occurs in 
fresh-water planhton and forms invested 
colonies, (x 600. After Senx.) 


protoplast contains a nucleus, a pulsating vacuole, and in many species 
well -formed green, yellow, or brownish -yellow chromatophores. A 
red eye-spot is frequently present. The assimilation product is 
usually oil, but starch and other carbohydrates also occur. Other forms 
are colourless and are saprophytic or obtain their food like animals. 
The protoplast of some Flagellates, especially of the colourless forms, 
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may take on an amoeboid condition in wliicli it exhibits changes iii 
form and creeping movements. In other cases slender processes or 
psendopodia may be put out and again 
withdrawn as in the Rhizopoda. These 

assist in the absorption , of solid particles . Lq . f 

of food (Figs. 303j 309). 

Host representatives of the group live Bi 

as naked, free cells ; otliers form more or 
less complicated cell-colonies held together vL 

by mucilage, or they possess peculiar ^ B 

stalked or unstalked firm investments ©3 f 

sometimes with siliceous or calcareous ^70 
skeletal structures, ^ 

Sexual reproduction is wanting. Multi- 
plication takes place by longitudinal divi- ^ 

sion, and in many species thick -walled I 

resting spores or cysts are produced. On ^ 

the germination of these, after division of ww. Bor.^Hydmrus focudns. ^,Apex 
the contents, a number of daughter cells of a brancli of the colony enclosed 
may he liberated (Fig. 308 B), (After beetroi.o.) 

\ o / Swarm -cell. (After Ivlehs.) 

The Chrysomonadiaae are an important groui) (From Paschee, Flagdlatcn.) 
of the Flagellata, to which belong Ghrysamoeha 

(Fig, 303) and the colonial form, Diiidbryon (Fig. 304). They are characterised by 
their radial structure and by their chromatophores which are usually brownish 
yellow, less commonly red or blue green, and form a special carbohydrate 


Distephamis spemluin^ (After Borgeet.) JB, 0, Cal^/pirosphaera insignis from 
c ; B is in optical section and C in surface view, (x 1600. After Schiller.) 


(leucosin). Mydrur-iis foetid-us (Fig. 305) is an example of a more complex 
member of the Chrysomonadinae. Its cells are associated in colonies as long 
branched mucilaginous filaments which may be 30 cm. in length and are attached 
to stones in running water. Numerous cells without cilia are embedded in the 
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mucilage of the filament and increase in number by longitudinal division. From 
these are derived uniciliate swarm-cells, which escape from the lilament and ulti- 
mately become attached and inoduce new filaments. In other related Flagellates 
also such alga -like resting stages predominate, while the motile cells serve for 
reproduction and dispersal. Two peculiar families of small organisms found 
in the plankton of the sea can be placed along with the Ohrysomonadinae. 
These are the Silicofiagellatae p®) which have perforated siliceous skeletons 
(Fig. 306 A) and the Coccolitho- 


phoroideae which have a wall 
composed of calcareous plates or rods 
and reproduce by producing usually 
four swarm - spores (306 j&). The 
Diatomeae and the Heterocontae 
appear to have been derived from 
the neighbourhood of the Chryso- 
monadinae, so that these three groups 
might be associated together as the 
Ohrysophyta. 

The Cryptomonadinae are rather 
more highly organised than the 
Ohrysomonadinae and differ from 
them in the dorsiventral protoplast 
obliquely truncated at the anterior 
end where two cilia of unequal length 
arise from a depressed furrow (Fig. 
307). Ohrysidella {Zooxcmtliella) 
belongs to this group. They are 
symbiotic with various marine animals 
(Radiolariae, Actiniae, etc.), in the 





Fig. S07.— Cry ptomonas erosa, 
(x 650. After Stein.) . 


Fig,- 308. — gracilis, Form with green 

chromatophores (ch ) ; n, nucleus ; v, vacuole and 
redeye-spot; s', flagellum, if, Hemi-saprophytie 
form with small green chromatophores. G, 
Colourless saprophytic form occurring in nutrient 
solution in absence of light. D, Resting cyst of 
the form G ; r, red eye-spot. E, Germination of 
the resting cyst of the form A by division into 
four daughter cells which later escape. (A, 0 x 
630 ; B X 650; D, E x ICOO, After Zumstein.) 


protoplasm of the cells of which their yellow resting cells lie. From these the 
protoplast later emerges in the form of a ciliated Flagellate. The Dinoflagellatae 
are related to the Cryptomonadinae. Some other genera, such as Fhaeocystis and 
PhaeothamnioTh which form mucilaginous colonies during most of their life, may 
also he placed here. They suggest comparison with the Brown Algae, but it is 
doubtful whether they should he regarded as really leading to that group. 

The starting-point of the Chlorophyceae is to be looked for among the Flagellates 
provided with green chromatophores. , # , 

The Eugienineae (^-<’) are an advanced group of green Flagellates. Species of 
Muglena (Fig. 308 A) often form a green scum on ponds. There are nearly allied 
but colourless saprophytic forms. d^gUnor yraciUs can indeed be changed into a 
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Fiii. 30iK ~ MaAiijaiiioiM inrertens. A, Free swimming. , B, Amoeboid condition, (x 1033.) 
Dimr2-)liai7wfav.% with retracted (C) and extended (D) pseudopodia. An ingested particle of 
food is within a vacuole, (x 6(36. After Lemmebmann.) 

but this requires confirmation. It takes place in the spring at the bottom of the 
pool, the cells throwing off their flagella and divifiing into small amoeboid 
gametes with one nucleus and two chromatophores ; these gametes then conjugate 
in pairs. The zygote without undergoing a period 
of rest then divides into four or eight cells which 
grow into the normal individuals. 

The numerous colourless Flagellates which have 
saprophytic or anirnai-like nutrition must have been 
derived from those with coloured chromatophores. 

In some cases near relationship is indicated by 
agreement in the structure of the cells. 

In the Pantostomatineae particles of food are 
ingested over the whole surface by means of pseudo- 
podia (Fig, 309), in the Protomastiginae usually 
at an oral opening, while two such spots are present 
in the Distomatineae. To the second group belong 
certain forms that live in the blood and the gut of 
animals and give rise to some tropical diseases. 

Tims Trypanosoma Bnicei causes the Tsetse-disease 
of cattle, and T. gamidense (Fig. 310) the sleeping 
sickness in man ; both are conveyed by flies belong- 
ing to the genus Glossina. 

It may be assumed that the Myxomycetes arose 
from colourless Flagellates and also that the lower 
Protozoa (Rhizopoda) can be placed in relation to them as a lower group. 


Fio, 310 . — Triipanosohia gamhieitse. 
A, From the blood of an infected 
monJcey, the flagellum forming 
an undulating membrane. If, 
From the fly Glossina with the 
flagellum internal. (After 
Minchin.) 


Class IV 

Myxomycetes (Slime Fungi) (i> i*) 

. The Myxomycetes form an independent group of lower Thallophytes; 
in certain respects they occupy an intermediate position between plants 


hyaline form with leucoplasts when cultivated in organic solutions in the dark. 

Sexual reproduction has lieeii observed by GeetRxIIti) Haase in Engkna srmguhiecf, 
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and animals, and liave in consequence also been termed Mycetozoa or 
Eungiis-animals.^ They are represented by numerous species, and 
are widely distributed over the whole earth. In the first instance 
the behaviour of the most comprehensive Order, the Myxog’asteres, 
may be considered. In their vegetative condition these Slime Fun 4 
consist of naked masses of protoplasm, the Plasmodia, containino’ 
numerous small nuclei but utterly devoid of chlorophyll. Glycogen 
occurs as a reserve substance, while starch is not found. The plasmo^ia 
(Fig. 4) are found most frequently in woods, upon soil rich in humus, 

upon fallen leaves, and in - decaying wood. They creep about on the 

substrata, changing their form at the same time, and thrust out 
processes or pseudopodia, which may in turn coalesce. They feed 
by taking up solid particles and reach favourable situations for their 

nutrition owing to their capacity 
of chemotactio, hydrotactic, and 
negatively phototactic move- 

ments. At the period of spore- 
formation the plasmodium 

creeps out from the substratum 
towards the light and air, and, 
after coming to rest, is con- 
verted into a single or into 
numerous and closely contiguous 
fructifications, according to the 
genus. On the periphery of each ■ 
fructification an outer envelope 
or PERIDIUM is formed; while 
internally the contents of the 
fructification separate into 
SPORES, each of which is provided with a nucleus, and enclosed by an 
outer wall. In many genera, part of the internal protoplasm within the 
SPORANGIUM or spore-receptacle is utilised in the formation of a CAPIL- 
LITIUM (Figs. 311 ^,,312 B), consisting of isolated or reticulately- 

imited threads or tubes. Upon the maturity of the spores, the 
peridium of the sporangium becomes ruptured, the capillitium expands 
(Fig, 311 B\ and the, spores are dispersed by the wind, aided by the 
hygroscopic movements of the capillitium. In the case of the genus 
Geraiiomym, the process fe somewhat simplified, as the fructification 
is not enveloped by a peridium, and the spores are produced on the 
surface at the ends of short stalks. 

The g'piTninatioii of the spores (Fig. 313, Ghondrioderma) takes place in water 
or on a wet substratum. The spore wall is ruptured and left empty by the escaping 
protoplast. After developing a flagellum or cilium as an organ of motion, the 
protoplast swims about in the water, being converted into a swaum-spoiie (Fig. 313 
e-g) which resembles ctrtajn Flagellata, with a cell- nucleus in its anterior or ciliated 
end, and a eontraeiile vacuole ia the posterior end of its body. Even within the 



Fxq. 311. — Ripe fructifications, after discharge of the 
spores, Stenomtis fusca (x 10); B, Arcyria 
punicea (x 12); C7, Crihraria rufa (x 32). 


DIY, I 


THALLOPHYTA 



spore a division may take place, so that two swarm-spores are liberated. In some 
species the swarm-spores can increase in number by fission. Eventually the 


Fifi. iil2.~~Trichia varia. A, Closed aii<l open sporangia (x 0); Ji, a libre of the capOlitiuni 
(x 240); spores (x 240). .D, Lvocarpiis fnujilis. Groups of siwangia upon a Moss. 

(Nat. sisje.) 

cilium is drawn in, and the swarm-spore becomes transformed into a m^xahoeba 
(Fig. 313 i, k ) ; these have the capacity of multiplication by division (Fig. 314^, B), 
In conditions unfavourable for their development they surround themselves with 
walls, and as miceocysts pass into a state of rest, from which, nnder favourable 


, BLZ.—Uhondnoih)md dijforvie. a, Dry, shrivelled sjwe ; 1), swollen spore ; c and d, sporei 
showing escaping contents ; e,f, #7, swarm -spores ; /t, swarm-spore changing to a myxamoeba 
i , younger, 1-, older myxamoebae. Of. Fig. 4, (x 540. After Strasbubgee.) 


conditions, they again emerge as swarm - spores. According to Jahn (^^) the 
myxamoebae fuse in pairs, their haploid nuclei uniting (Fig. 314 0). 

The uninucleate amoeboid zygotes, which have thus resulted from a sexual 
fusion, unite to form largei\multinucleate plasmodia. These take up additional 
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liaploid auiOfiAiC} h:iz ore digested witliiE .Yaciioles (Fig. 314 lA. Ultimately 
ifie plasraadinni prccceds lo hvm the fnietiftcatiom The diploid niiclei of the 
plasiaodium undergo repeatc-;! mitotic divisions (Fig. SU iY. Their last division 
shortly before the drdimltatloH of the spores is a' heterotypic division, in which 
the eliroBiosornes are rudiiCed to the half number. Eacli haploid inicletiB thus 
Conned beeorjies the nucleus of a spore. The nuclei not employed in spore- 
fonmition degooerate. In (Jeraiwniym the spores may iiicliule a degenerating 
nude us as wdi us the noniial one.. ' From the latter by two successive divisions 
four nuclei are formed and. are 'present in the ripe spore. Another division occurs on 
geriuliiatioiij so that ultimately eight swarm- spores are produced from each spore. 

In tim structure of their swarm-spores and myxamoebae the hlyxomj'cetes show 
their derivation from organisms of the nature of the Flagellata. Plasmodial 

fusions are also kiiowui among 
Flagellates. 

'Yery large .plasmodia, often 
over a foot in breadth, of a . 
■'bright yellow colour and creamy , 
consistency, are formed l;)y FuHgo 
"mriam {AetkaUmn se-pticum)^ 
and as the flowers of tan ” are 
often found in summer on moist 
tan bark. If exposed to desicca- 
tion, the plasmodia of this My xo- 
mycete pass into a resting state, 
and become converted into spheri- 
cal or strand-like scwsiiOTU, from 
which a plasm odium is again pro - 
duced on a further supply of 
water. Finally, the whole plas- 
modinm becomes transformed 
into a dry cushion- or cake-shaped 
Fio. dukriimkk,^. A, B, Amoebae in fructification ofaw’liite, yellowish, 

poHjoss or division; €, conjugation of two haploid or brown colour. The friictifica- 
ainoebaf?; W-, the two uniting nuclei ; i), binndeate ^ ^ 

pLismudium with a haploid amoeba entdosed in a tins instance, is enveloped 

digestive vacuole; £, i>Iasniodiuiii with six dividing by an outer calcareous crust or 
nuclei (I'l) aii'l with digestive va(Mioles. (After Jahn.) rind , and is subdi videci by num er- 

. oils internal septa. It encloses 
numerous dark violet-coloured spores, and is traversed by a filamentous capillitiiun, 
in which are dispersed irregularly-shaped vesicles containing granules of calcium 
carbonate. A fructification of this nature, or so-called aethaliiiin, consists, there- 
fore, of a number of sporangia combined together, while in most of the Myxomy- 
eetes the sporangia are simple and formed singly. 

The structure and nature of the sporangia atford the most convenient means 
of distinguishing the difierent genera. The usually brown or yellow sporangia are 
spherical, oval, or cylindrical, stalked (Figs. 311, 312 IJ) or not stalked (Fig. 
312 A), Tliey usually open by the rupture of the upper portion of the sporangium 
walls, the lower portion persisting as a cup (Figs. 311 it, 312./!). In Orihraria 
(Fig. 311 0) the upper part of the wall of the sporangium, which contains no 
oapiilitium, becomes perforated in a sieve-like manner. In Stemonitis (Fig. 311 
A) the whole peridium falls to pieces, and the eapillitiuni is attached to a 
columella, which forms a continuation of the stalk. 
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The order Piasmodioplioraceae contains a few parasitic organisms, tlie 
eliief of wliich is Pla,rnioMophora, Smsshae, ^^^ causes tuberous swellings on 
the lateral roots of various sj^eoies of Its myxamoebae occur in 

numbers in the cells of the hypertroidiied parencliy^ of these swellings ; after 
the contents of the host-cell have been exhausted they fuse into plasmodia, and 
these, afeor repeated nuclear divisions, give rise to the numerous spores, which are 
set free by tlie disorganisation of the plant. In the plasm odium a reduction 
division takes place, the resulting nuclei being those of the spores. The spores 
genuiiiate like those of Chondriodermaf and the myxamoebae penetrate the roots 
of a young Cabbage-plant. Tjie formation 
of true sporangia, liowever, does not take 
place, and this Slime Fungus represents a 
more simply organised or, in consequence 
of its parasitic mode of life, a reduced 
IMyxomyeetc. 

The systematic position of this order is 
still doubtful since it presents some cyto- 
logicai resemblances to the Chytridiaceae, 
which are placed with the Phycomycetes. 

The small order of the Acrasieae occupies 
a low'er position among the Myxomycetes. 

There are no swarm -spores. Amoebae 
arising from the spores increase in number 
by division and then become associated 
together, without fusion, to form an aggre- 
gate plasmodiiim. In the simplest cases 
this changes directly into a mass of spores. 

In some genera {iJidtjostcliam)^ however, a 
stalk is formed from some of the amoebae 
which remain sterile and are converted into 
iirm cells j up this stalk other amoebae creep 
and form the mass of spores. 

With some reservation the Myxobac- 
teriaceae may be placed here. Our 
accurate knowledge of them is in the first 
instance due to TfiAXi'En, who grouped them 
wdth the Bacteria, ]>ut according to Yahle 
they come nearer to the Myxomycetes, 

'Fliey are widely distributed and live sapro- 
pliytically on the dung of animals, and in 
habit resemble the !M.yxomycetes. In the vegetative stage they appear as swarms 
of rod-shaped small cells connected together by the gelatinous substance secreted 
by the cells, and exhibit slow creeping movements. Ultimately they form fructi- 
fications that are usually brightly coloured ; these have the form either of definitely 
limited masses of spores or of cysts w’hich contain within a firm membrane the 
numerous spores arising by a transformation of the rod-shaped cells. The cysts are 
unstalked, or are raised singly or in groups on a stalk, formed, like the w^all of 
the cyst, of gelatinous material derived fromthe rod -shaped cells excluded from 
spore formation. In geiaiiination the swarms of rod-shaped cells emerge from the 
ruptured cysts (Fig. 315), 

2o 



Fig. 315.-— a, Myxiwocmis digitatus, bright red 
fruetilication ocenrriiig on dung (x 120). 
i>V iV%rtjff/u£W primiijenUim, red fruc- 
titieation on <log's dung (x 40). 0, 

Chnndromyrcs apiculatufi, orange fructifi- 
cation on antelope’s dung. D, Young 
fructification ( X 45). 7i:, Single cyst ger- 
iTiinating (X 20U). (J, B after Qukhl; 

C-E after Thaxter,) 


Blnofiageiiatae ( 
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The Periiiirie:ie or Dmoliiigollatae ore coiineetcHl jrs an iiulependeiit 
■and fiiitlier developed' 'group with certain Flagellota. They occur as 
iniieeiliiiarj free-swimiiiiiig organisms in fresh 
water, but for the most part in the sea, where, 

■ together ■ with the Diatoiiieae, /they constitiite, 
an important constitiie'nfc of tiie/^phyto-pliiiik- 
ton. Their ce-fls are eha'ra.etei*isecl by the' ■pos-, 
session of 'two long cilia or flagella: whicli: 
spring from, the mi^idle of the 'ventral .surface: 
in a longitudinal furrow;:: one :of /fhe', cilia is, 
direetc'd Iraek wards, the,' other . is thrown 
into curves and lies in a trarisverse furrow 
( Fig, 31G). The protoplast contains a nucleus,'^ 
vjicnoles of difFerent sorts, and numerous 
brownish-yellow ehiTiniatophores ; the latter 
contain a mi.xture of several pigme:iits.' Starch 
or oil is formed as the product of assimilation. 
While the Cfynniodmiaeeae (Fig. 317 d) 
have either naked cells or cells limited by 
a iiniforml}-" thickened cellulose wall, the 
typical Peridiniaceae have a wall composed of cellulose formed of 
polygonal plates ; these arc usually delicate!}-' sculptured and per- 





Fio. M6,—Pirl(liuhim (nbnlaluni. 
(After Schilling.) 





Fig. Zl7,-~Ci!Mo(l'miiivt Sttihiii; a, cyst ; ?», (Hvisioo into iwo swarm ct'Ils ; c, a cyst swaUliug ; 

(If liberated swam ceil (x 460. Alter Klkbs.) 

forated with pores. , The transverse furrow is formed l>y one girdle- 
shaped plate (Fig. 31 G). 

In many Pcridiiieae of the, plankton the plates bear special, \\iiig-like expansions 
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;Fig. -nS) or the cells liave long hom-Hke processes. These adaptations enable 
iho orgauir^ios to runiain lloating in the water (}^). 

In sonic Dinuilagellatae the chromatophores arc only rejn'csented by colourless 
]!.*nu(n>]asi'.s. Such species lire either as saiH’ophytes or in the saiue way as 
aniriLils. Spu'ocJuiiuni hiialinu/n is a colourless, naked, fresh-water fornu, the 
protoplast of which for the purpose of absorbing noiirislunent loses its cilia 
and asMitnes the form of an amoeba ; in this condition it encloses and digests 
.small Algae. 

Some marine Pcridincae Ocratinni tr^ws, Fcndinmni tVhergens) are 

phosphorescent, and play a considerable part in the phosphorescence of the sea {^). 

Reproduction is cheered by division usually of the motile cells. In certain 
genera [rcriduiiviii, [Fig. 317]) the motile cells enter into a longer 



Fm. 31S. — Perktineac of the jilankton. trVoi/iooori/x hnrrhia var. nfricanti, Indian Ocean (X 250) ; 

Ceratium tripor, UUvrtttnlhun var. impintorlalis^ Iralian Ocean (x 02); C, Cerativm tripos 
gihJirnni}, and Ij, Crruiimn paJhiufinti, Atlantic Ocean (x 0.2); fj, Ciraiiim furca, Atlaiitic 
bct‘an(v 125). {Alter O. Karstkk.) 


or shorter resiing stage and form non -ciliated cysts in which division takes place ; 
tlie daughter ceils emerge from the swollen cysts a.s swarm cells. La.sfcly the 
motile stage may be completely suppressed and the two naked daughter cells 
emerge from the swolieu cyst as non-ciliated cells provided with their own cell 
walls {II ijpiiviliiii am). 

Some genera {(JcratUim) form thick-walled resting-cysts wdthin the old parent 
membrane. 

Sexual repi’oductlon has not been demonstrated in the .Dinofiagellatae 


Class YI 

Diatomeae (Diatoms) (h 20-23^ 

The Diatomeae (Ikicillariaceae) constitute a very large class of 
unicellular Algae. The}’ occur, usually associated together in large 
numbers, in both fresh and salt water, and also on damp soil. 
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Tlie cells are either solitary or form colonies ; they are free- 
are attached by means of gelaiinoiLs stalks, excreted by 
19). Sonietiiiies the cells, reiiiaiii' , con- 


Boating, or 


the cells themselves (Fig. 



riected and form ]>aiids or zigzag chains, 
or, on tlie other Irind, they are attached 
and enclosed in gelatinous tubes, svhile 
in the case of the marine genus ScJiiw- 
nenia thej’ lie embedded in large niinibers 
in a gelatinous branching tlialius. The 
cells also (lis|>]a.y a great divei'sity of 
shaj^e ; while general!}' bilaterally sym- 
metrical, they may lie circular or elli],)- 
ticai, rod- or wedge-shaped, curved or 
straight. The structure of their cell 
walls composed of pectic substance that 
is siiicified is especially characteristic ; 
it is formed of two halves or valves, 
one of which overlaps the other like 



Pifi. 319 , — Licmopliora Jta'bellata. 
Colony of Diatoms with branched 
gelatinous stalks. (After Smith, 
from Goebel’s OnjanagrapMe.) 


Fio. B20.'--2^IanktonieUa ml. Atlantic Ocean. A disc- 
shaped plankton diatom with a hollow lloating wing 
arising from the. girrile side. Tlie iirotoplasi con- 
tains a nucleus and nuinorous chroniatoi;ln>res. 
(X3'2*3, After G. Kahsten. ) 


the lid of a box. The cells thus present two altogether different 
views, according to the position in which they are observed, whether 
from the GIRDLE or VALVE SIDE (Fig. 79). 

The lateral walls of the two valves are formed of the girdle pieces attached 
beneath the margins. In some .genera the girdle siiie is extended by the intro- 
duction of annular or scale -shaped intermediate bands. 


thallophyta; ' ' 3 .M 1 


llie two valves are so stiwigl}^ iaipregnated with silica, that, even 
when suhjeeted tA> intense heat,: they, reniain .: as a siliceous skeleto!!, 
retaining ttie original foi’m and markings of the cell walls. The wails 
of the cells, particularly on the valve side, are often ornamented with 
ninnerous fine, transverse markings or ribs, a?id also with small 
prutubcriuices and pits. They are often perforated by open pores 
wliicli serve to give exit to the gelatinous secretion. 

The cell has always a central nucleus (Fig. 79) and one or two to 
four (Fig. 323) large, or numerous smaller chromatophores (Fig. 320) 
embeddetl in its parietal protoplasm. These chromatophores a]*e flat, 
frequently lobed, and of a brownish -yellow colour. Pyrenoids are 
often pre.sent. The pigments are chlorophyll and yellow pliycoxanthin. 
Gloliules of a fatty oil are also included in the cell contents, and 
take the place of starch as an assimilation product. 

The Diatomeae multiply vegetatively by longitudinal division 
which always takes place in one direction* In this process the two 
valves are first pushed apart from one another by the increasing 
protoplasmic contents of the mother cell, which then divides longi- 
tudinally in such a direction that each of the two new cells retains 
one valve of the mother cell. After the division of the protoplasm of 
the mother cell is accomplished, each daughter cell forms, on its naked 
side, a new valve fitting into the old one. The two valves of a cell are 
therefore of different ages. In consecpience of this peculiar manner of 
division, since the walls of the ceils are silicified and incapable of dis- 
tension, the daughter cells become successively smaller and smaller, 
until finally, after becoming reduced to a definite minimum size, they 
inidergo transformation into AUXOSPOKBis. The aiixospores are usually 
two or three times larger than the cells from which they arise, and by 
their further development they re-establish the original size of the cells. 

The sexual reproduction consists of a conjugation of similar gametes. 

The Diatoms include two orders, Cerifrime and Penmtm, 

The auxospores in the Gentricae, which are characterised by the centric structure 
of their valves, grow from vegetative cells without any previous process of conjuga- 
tion. In the Penuatae, with a pinnate sculpturing of their valve.s, on the other hand, 
the auxospores develop from the zygotes resulting from a conjugation of gametes. 
The Penuatae have diploid vegetative cells, the reduction division taking place 
in the formation of the gametes. The Gentricae are haploid and the simple 
chromosome-number has been attained at the division of the zygote, which so far 
as is known is in them the result of the fusion of ciliated gametes. The two 
groups of the Diatoms are thus sharply distinguished. 

Order 1. Diatomeae Centricae 

In these the valves are symmetrical about a centre, and liave the sculpturing 
radially or concentrically arranged. The great majority of the forms of this order 
are marine, and play a large part in the composition of the plankton (^®). The 
piaiiktou diatoms are provided with special an'angements for floating, e.g. horn-like 
projections or wings of the cell wall such as are seen in Figs. 320 and 321. 

2 Cl 


390 


BOTANY 


PART ,U. 


The auxospore formation in the Centricae does not take place by tlie conjugation 
of two gametes but by the protoplasmic body of a cell becoming free from the cell 
walls and increasing in size ; the enlarged cell is first snrroiiiided by a weakly 



Fig. ^'ll.—Oorathron Faldieiae, From the Antarctic plankton, a, Cell with floating bristles and 
tentacles ; 6, Auxospore formation ; the protoplast after casting oif one valve has emerged from 
the other and, surrounded by the iiorizonium, has become four times its original size ; c, the 
protoplast contracted within the perizonium and forming the new upper valve ; d, the peri- 
zonium having disappeared above, the auxospore forms the new lower valve and escapes from 
the perizonium. (After Karsten.) 


silicified membrane (perizonium), and in this the new valves are formed (Figs. 
321, 322 B). 

The Centricae farther differ from the Pennatae by possessing a special method of 



in the sporangia ; E, swimming microspore. (A-D x 228, E x 570. After P. Beiujon.) 

reproduction by means of so-called niicrospores ; the formation of these has been 
accurately followed by Bjergon in Biddulphia mohiliensis. A cell first divides into 
two daughter cells or sporangia, the contents of whicli round off and by repeated 
division form many (32) microspores. These emerge as naked swarm-spores, each 
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provided with two long cilia with knob -like thickening.^ at the tip (Fig. 322 
C-’B). These swarm-spores appear to behave as gametes, for Kausten: observed in 
preserved muderial of Corcthroii vet, Idimm the microspores conjugated in pairs 
to funn zA-gotes. Tlie zygote increased in size and divided iiito two cells. Each 
daughter cell had at first two nuclei, one of Avhich later disappeared ; it grew 
gradually into a mature individual of Gorethron. The Avhole process may bo 
compared with that described above in Glosteri-um among the Desniidiaceae, 
The ciliated gametes or microspotes wdiich have been observed in other genera 
indicate a, phylogenetic relation of the 
Diatomeae to the Flagellatae, especi- 
ally to the ChrysonionaJinae. 

Orders, Diatomeae Pennatae 

In shape these are elongated, ellip- 
tical, or boat-shaped, but may be wedge- 
sliaped ; the valves have their sculptur- 
ing pinnate (Figs. 319, 323, 324). In 
many of the Pennatae (Fig, 79) a longi- 
tudinal line coiTes[>onding to an opening 
in the cell w'alls, and cxliibiting swollen 
nodules at both extremities and in the 
middle, is distinguishable in the surface 
of the valves. Forms provided with such ' 
a median suture or uaph e are character- 
ised by peculiar creeping movements, re- 
sulting from the streaming protoplasm 
in the longitudinal slit of the raphe. 

The formation of the auxospores is 
accomplished in various ways. The 
process in Navicular Pleurosigma, etc., 
may be taken as a starting point ; two 
cells lay themselves side by side, aiid 
secrete a mucilaginous sheath. The 
nuclei of these cells undergo a reduction 
division, into four nuclei, two of which 
are large and two small. Each cell 
then divides into two gametes, each 
containing a large and small nucleus. 

The gametes escaping from the cell 

walls conjugate in pairs to form zygotes with four nuclei; the two large nuclei 
fuse, while the small nuclei disappear. Each zygote grows within a thin invest- 
ment (perizonium) to form an aiixospore several times the original size. This 
secretes tw^o new valves and commences to divide vegetatively (Fig. 323). 

In Surirella and GoeconcU (Fig. 324) the conjugating cells do not undergo 
division, but unite directly with one another. Tlie nuclei, however, divide ; in 
the former genus two nuclear divisions occur in each of the conjugating cells, 
resulting in one large and three small nuclei ; in the latter genus there is only 
a single nuclear division giving one large and one small nucleus. The large nuclei 
fuse, the small ones degenerate. 

Ill Achnanthes subsessilis the cell contents of a single cell divides into twm 
daughter cells, which escape, and then fuse together to form the auxospore. 

2 02 ■ 



Fia 823.~Formation of auxospores in Navicula 
vindiila. A, Cell seen from the valve side. JS, 
Two cells lying alongside one another ; tlieir 
contents have divided into two daughter cells, 
each of which possesses two nuclei. C, 2>, 
Conjugation in pairs of the daughter cells to 
form the auxospores, which at first contain 
four nuclei. E, The tw'O full-grown auxospores. 
(X 500. After Karstex.) 
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In some Peiniatae the sexuality is lost and the auxospores arise apogairiously. In 
fS'yncdra the niotlier cell divides into two cells which grow into a'uxospores ; the 

' niiclei of tlie daughter cells 
undergo a diTisioOj but the 

/n^ 111 Rliahdoncma, arc'uatum 

/ tlie process ^is^ similar,^ but 

2 llkahdonenia adriaticmii 

J goes a step farther; the 

file . ii^oious divides, but one of 

daughter nuclei is ex- 
1 J truded Iroin the protoplast. 

^ undivided mother cell 

develops into the auxospore. 
\v / Many Penn atae occur in 

\ places where dccom])Osing 

\ substances are present in 

J 3 abundance. Such species 

T^) can assume a sapro})hytic 

mode of life, their cliromato- 
phores becoming colourless 
• and reduced, in size. It has 

Fio. y24.~CVco)wj:s flacmtula, 1, Vegetative cell; iiair of been shown that some colour- 
ceUsbefore oo.y.,gutioniS 4,eells iupm^^^^ 
tion. gk. Large nucleus ; kk, small nucleus ; g, gelatinous 

substance. (After K a rsten, from OhiMA^nsis’ Algae.) which occur m the sea are 

exclusively dependent on 
organic substances for food, the reduction of then’ chromatophores and pigment 
being complete p). 

. NavimUi ostrearm is a Diatom occurring in the oyster-beds of the French coast, 
which serves as food for the oysters ; its protoplasm contains* a sky-blue pigment 
called inarennin. This pigment is the cause of a green coloration of the oysters 
in which the inarennin undergoes alteration and is accumulated (“'*). 

Diatoms occur also as fossils. . Their silicified valves form a large part of the 
deposits of siliceous eaeth (Kieselguhr, mountain meal, etc.), and in this form 
they are utilised in the manufacture of dynamite. 

On account of the extreme fineness of the markings of their valves, it is 
customary to employ certain species of Diatoms as test objects for trying the 
lenses of microscopes. Plemosigma angulcdutn is commonly used for this purpose. 


Glass YII 


Conjugatae 

This class of green fresh-water Algae includes unicellular and 
simply filamentous forms, and is clearly distinct from that of the 
Chlorophyceae. Their cells, which increase in number by cell division, 
are uninuclear, and differ from those of the Diatoms in having a cell 
wall which is not silicified, and in the presence of large green chloro- 


DIY. I 


THALLOPHYTA 


K ' W!: 


plasts of complicated stimcture. Asexual reproduction by swarm-spores 
is wanting in them as in the Diatoms, with which they also show 
points of agreement in their sexual reproduction. This consists in the 
conjugation of two equivalent non-ciliated gametes to form, a zygote or 
zygospore. 

The Ooiijugatao and Diatomeae were formerly united in one group called the 
ZygopLyeeae, or on account of the non-ciliated gametes, tlio Acoiitae. This is no 
longer regarded as a natural grouping. It has been seen above that some Diatoms 
have ciliated gametes. Tlie reduction divi- 
sion ill the Conjugatae occurs after conju- 

gationin the germinating zygote, while in / 1 4 " ^ 

the Pennatae it tabes place at the formation / \ \ I 

of the gametes. The two grou])s have j ^ ^ ^ j 

evidently originated independently from j jfi 1 ( 4 1 

the Flagellatae. j ^ j/ B 

1. The Mesotaeniaceae, the simplest , 

of the unicellular Conjugatae, include 

only a few genera. They are distinguished ' \ ^ 

from the following order by the cell wall ’ f 

of the slioi'tly cylindrical cells not being ' J > * T 

formed of two halves. The mode of con- :0Mm I 

jugation presents some diifereuces. In ’ ^ s* 

Cylindrocystis (Fig. 325) the p>i'otoplasts ^ 

of two cells fuse to form the zygote ; the 

nuclei unite while the four chloroplast^ 

persist. Before germination the zygote I Vl'b?"’// / 

undergoes successive division into four \ / V 

cells, which then escape. Reduction is x 

effected in the first nuclear division. In ^ 

Spiroiaenia the protoplasts of the conju- pi,-.. 325.-.-1, Cylindrocystis BreUsonii; the 
gating cells first divide and the daughter nucleus is in the centre between two 

cells unite in pairs to form the zygotes. ^^rge lobed chloroplasts with elongated 

Only two individuals arise from a zygote, before, aud c. 

, Jto J alter the fusion of the nuclei, J), The. 

the other two bemg suppressed. bofore gemination, with four 

. 2, The Desmidiaceae, which occur in , daughter cells. (After Kauffmanx.) 
peaty pools, ponds, etc., are unicellular or 

their cells are united in rows ; they are of great beauty and, like the Diatoms, 
exhibit a great variety of form. Their cells are composed of two symmetrical 
halves, separated, as a rule, from - each other by a constriction. Each half 
contains a large, radiate chromatophore or a Ghroinatophore com. posed of a number 
of plates. Within the chromatophores are disposed several pyrenoids, while tlie 
nucleus lies in the centre of the cell in the constriction. The ceils themselves 
display a great diversity of form and external configuration, being sometimes 
rounded {e.y. Cosntarium., Fig. 326 A, JB), sometimes stellate {Micrasterias, Fig. 32fi 
D). The cell walls, wliich, as in the Diatoms, consist of separate halves, are 
frequently beset with wart- or horn-like protuberances and often provided with 
pores. In some genera there is no constriction between the two halves of the cell. 
This is the case, for instance, in the crescent-shaped Closterium moniliferum (Fig. 
327 F)i whose two chromatophores are elongated conical ribbed bodies, while in 
each end of the cell there is a small vacuole containing minute crystals of gypsum 






i. 325. — .'1, Cylindrocystis B'rshisonii ; the 
nucleus is in the centre between two 
large lobed chloroplasts with elongated 
pyrenoids. B, Tlie zygote before, and C, 
after the fusion of the nuclei, D, The, 
zygote before germination, -with four 
daughter cells. (After Kaitffmanx.) 
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in constant motion p®). Many Desin ids are cliaractcrised l).y holiotactic move- 
ments; they protrude fine mucilaginous threads throiigli the cell walls at their 
ends ; by means of these they can push themselves along, and take up a [)ositio]i in 
a line with the direction of the incident rays of light. 

J^hiltiplication is effected by eell division. 



Fio, •326.— A, Cosviamm coelakm, dividing. B, C, 
Cosmari'im ‘hotrytis. Cj, Two cells at right angles 
preparing for conjugation — the lower eell shows 
the conjugation canal ; gametes fused into the 
young zygote ; C 3 , mature zygote ; ]>,‘Micrasterias 
crux melitensin. (After EALifS ; C^, C3 after be 
Bahy.) 


This is accomplished by the forma- 



Fio. Z27, —ClosteHum. A, Zygote before 
germination showing the two nuclei 
not yet united ; B, germinating 
zygote with the nuclei united; 0, 
division into two cells each contain- 
ing one larger and one smaller 
nucleus ; D, furllier state of ger- 
mination ; E, young plants esca]:>ing 
from the cell-raeinbrane ; F, Glos- 
teriiim ‘■uinniU/mnn, mature plant. 
(A-E after Kuebaiin.) 


tioii of a partition wall across the middle of the cell after the nuclear division is 
completed. Each daughter cell eventually attains the size and form of the mother 
cell, by the outgrowth of a new half on the side towards the plane of division 
(Fig. 326 A). 

In conjugation two cells approach each other, and surround themselves with a 
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iniicilaginous envelope. Their cell walls rupture at the constriction, and parting 
in half allow tlio protoplasts to escape ; these then unite to form a zygospore. 
The zygospores frequently present a very characteristic appearance, as their walls 
arc often beset with spines (Fig, 326 C). The four empty coll halves moy be seen 
close to the spore. In some Desmidiaceae the conjugating cells undergo a pre- 
liminary division, the daughter cells uniting in pairs. 

The two sexual nuclei in the zygote do not fuse until germination of the latter 
is about to commence. The resulting nucleus then undergoes division, presum- 
ably wdth reduction, into four nuclei, two large and two small. Only two cells 
are formed from the zygote, each of which has thus two nuclei of different sizes ; 
the smaller nuclei disappear (Fig. 327). The production of two cells on germina- 
tion thus appears to be derived from the division into four cells seen in Cylindro- 



Fio. 328, — /I , Conjugation of Spirogyra quinina (x 240). J), Spirogyra 'longata(x 150} ; z, zygospore. 

C, Cell o£ Spirogyra jugalis ; 7c, nucleus ; ch, cliromatophores ; p, pyrenoid (x 256). 

cystisj and to stand to the latter as a reduced form. Two of the four chloroplasts 
in the zygote disappear, while the other two undergo a division before germination. 

3. Zygnemaceae. — In this family, all of which are lilanientoiis in character, 
the genus S'pi'^^ogyra, with its numerous species, is the best Icnown. It is 
commonly found in standing water, forming unattached masses of tangled green 
hlaments. The lilainents exhibit no distinction of base and apex, and are 
composed of simple rows of cells, which vary in length in different species. 
Growth results from the division and elongation of the cells in one direction 
only. Each coll has a large nucleus and one or several spiral green band-like 
chroniatopbores (Fig. 328 C). The cells of Zygmma contain two star-shaped 
cliromatophores. The cells of the filament may separate under certain circum- 
stances. The cell wall is smooth and without pores. The filaments can undergo 
movements. 
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Conjugation, in the case of JSpirogyra, is preceded by the development of 
converging lateral processes from the cells of adjacent filaments. When two 

processes from opposite cells meet (Fig. 32S x4) 

^ their walls become absorbed at the point of 

/P^'. contact, and the whole protoplasmic contents 

y- ■ ' of one cell,- after contracting from the cell wall , 

' .''iAv '- passes through the canal which is thus formed 
" ■'--7 p the opx^osite cell. The proto]3lasm and 

‘ " W nuclei of the conjugating i)roto|'ilasts then fuse 

together while the ehloroxdasts do not unite, 
A B t-mt those of the entei'ing xji’otoplast disorganise. 

The resulting cell forms the zygospore in- 
A vested with a thick wall, and filled with fatty 

/ n A substances and reddish -brown mucilage sj)!! eres . 

/; ^ form of conjugation, which' is the one ex- 

•i' hibited by most species, is described as scalari- 

distinct from the lateral 
-conjugation of some species, in which two 
adjacent cells of the same filament conjugate 
by the development of coalescing processes, 
¥iq. Z29,— Spirogyra longata : zygotes of which are formed near their transverse \vall 
various age. The two sexual nuclei (Fig. 328 i?). In some genera the zygote is 

before fusion; B after fusion ; C formed midway in the conjugation tube, 
division of tlie iiuoleus of the zygote mi • i • -i ^ i 

into four haploid nuclei; D, the The conjugation nucleus of the young zygo- 
three small nuclei degenerating. The spore undergoes a tetrad division associated 
chloroplasts are represented a.s cut with the reduction in number of the chromo- 
across against the wall, (After gomes. One of the four nuclei becomes that of 
iRONDLE.) young plant while the others appear as 

small nuclei, which then degenerate (Fig. 329). The chloroplasts of the gamete 
that passed across also degenerate. In this w^ay one young plant arises which 
protrudes from the zygospore as a tubular growth and forms a filament by cell 
division 
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In the Heterocontae a number of genera of green Algae are included which w’^ere 
formerly x:)laced in the Ohlorophyceae but are now separated as an independent class 
derived from the Chrysomonadinae, 

They are characterised by the yellowish green colour of the discoid chroma- 
topliores, which contain in addition to chlorophyll a yellow pigment which turns 
blue with acids, and form oil and not starch as the product of assimilation. The 
motile cells almost always have two cilia of unequal length attached rather to the 
side. The cell wall, which contains pectin and is usually silicified, in many eases 
consists of two overlapping halves. Some Heterocontae are uuiceilular, others 
form gelatinous colonies, while others are filamentous. 

Reproduction is effected by swarm-spores, which in some genera are replaced 
by endogenous aplanospores. Resting cysts are also formed, and these, like 
the aplanosj^ores, have a two-valved silicified membrane. In certain genera, in 



DIV. T 


THALLOPHYTA 


B97 


addition to tlie swarm -spores, gametes wMch conjugate isogamonsly in pairs liave 
been observed. 

The Heterocontae form part of the Marine plankton in whicli a number of 
unicellular genera {Meringos^jha&ra, Jlcdasphaera) oceui*. 

At the base of tlie class may 
be placed such Flagellate -like 
forms as Chlor amoeba Jietero- 
morpha (Fig. 330), which li ves in 
fresh water. The naked, amoeboid 
cell contains a nucleus and 2-6 
yellowish-green chloroplasts ; at 
the anterior end, just outside a 
vacuole, two cilia are situated 
which, are of very unequal length. 

It is this last feature which gives 
the name to the group. Ghlora- 
moeha is one of those low green 
organisms which become colour- 
less and lose the power of inde- 
pendent nutrition when cul ti vated 
in a nutritive solution in the dark. 

Thick -walled resting cells also 
occur. 

Among the higher Hetero- 




Fig. 330 . — CMoramocba heteromoipha : 1, 
green form ; colourless form ; 
V, vacuole ; /c, nucleus. 3, A resting 
cell. (After Bohl'in, from Olt- 
MANNs’ Algae.') ^ 


Fio. 331.— Cow/erm homhyeina, 1, Filament ; 3, forma- 

tion of transverse wall (q) in cell division ; 5, forma- 
tion of aplanospores by breakiJig down of the filament ; 
10, Zoospores with cilia of unequal length. (After 
Gay (./, a), Bohlin (3, 3), Ldtheu (10). From 
Oltmanns* Algae.) 


contae the genus Conferva {THhonema)^ which is widely spread in fresh water, 
must be mentioned (Fig. 331). The plant consists of simple unbranehed fila- 
ments the cells of which have peculiarly-constructed walls ; the w'all consists of 
two ]iarts separated by an oblique annular split at the middle part of the cell. 
On ceil division a new portion, H -shaped in longitudinal section, is intercalated. 
One or two zoospores are produced from a cell of the filament. In addition to 
zoospores thick -walled aplanospores arise by the separation by the cells of the 
filament. 

The majority of the Heterocontae have uninucleate, only occasionally hinucleate 
cells. But there are some genera with iniiltinucleate cells in the class, e,g. 
Ophiocytium and Sciadinm. 
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Class IX ■ : 

Chlopophyceae 

When the green Conjugatae and Heterocontae are separated there 
remains the large natural group of the Chlorophjceae, including several 
series of genera. The majority of these Algae live in fresh water 
or in damp situations; some large forms occur on the sea coast hut 
do not contribute to the plankton. Their characteristic chloroplasts 
are of a pure green colour, frequently contain pyrenoids, and nearly 
always form starch. The asexual swarm-spores are pear-shaped, and 
in typical forms possess two or four cilia of equal length (on this 
account the group is sometimes termed Isocontae) and a curved or 
bowl- shaped chloroplast. In some genera the swarm -spores are 
replaced by non-inotile aplanospores, and in certain of the more 
advanced genera {Oedogonium,^ Faucheria) the swarm- spores are of more 
complicated structure, but can be derived from the typical simple 
form. 

The swarm-spores exhibit phototactic movements by means of which they 
reach favourable conditions of illumination for their germination. 

In all the orders sexual reproduction- is usually effected by the 
conjugation of gametes which resemble the zoospores. In ail the 
groups, except the Protocoecales, isogamy is replaced by oogamy 
in the higher forms. The reduction division so far as is known takes 
place on the germination of the zygote. 

Of the five orders included in the Chlorophjceae the Volvocales 
stand nearest to the Fiagellata and, as is also the case with the 
Protocoecales, include unicellular and colonial forms. The Ulotrichales 
and Siphonocladiales are filamentous ; in the former the filaments are 
composed of uninucleate, in the latter of large multinucleate cells. 
The filaments are simple in the lower forms, but branched in the 
more advanced ones. The thallus- of the Siphonales is formed of a 
single multinucleate cell. 

Order 1. Volvocales 

Typical representatives of this order are characterised by the cilia being retained 
by their cells in the vegetative stage ; the plants are therefore motile. Each cell 
has a nucleus and a chloroplast. The Volvocales thus resemble the Fiagellata. 

Qhlamydomoncis (Fig: 333) and JETaermtococcus (Fig. 332) are wddely distributed 
forms consisting of free-swimming cells (‘^). In the former the cell membrane is 
closely applied to the protoplast, at the anterior end of which two cilia and a red 
eye-spot are situated; in the latter genus the membrane is separated from the 
protoplast by a gelatinous layer- except at the anterior end. Tlaeniatococens 
•plumalis occurs commonly in puddles of rain-water, and, like Chlamijdomonas 
nivaliSf which gives rise to red-snow” and occurs on snow in the Alps, etc., 
is characterised by the presence of a red pigment (haematochrome) in the cells. 



mv. I 


THALLOPHYTA 


399 



Fio. Ji, Hacmatocorens -plurialis (x 3(30) : Hwannirg- cell ; 

B, fornmtioii of swann -spores. C-G, , Baematococcus Biitsclilii: 

C, formation of gametes (x400); D, gamete; E, conjugation of 
two gametes ; F, G, zygotes (x 800). (C-G after Blochmann.) 


He production is both asexual,, by swarm-spores, 2-8-16 of which are formed in a 
mother cell and are set free by rupture of the membrane, and sexual ; the sexual 
reproduction is by conjugation of similar, small, biciliate gametes formed in large 
.numbers (to 64) in a 
motlier cell, and uniting 
in pairs by their anterior 
ends to form a zygote. In 
Cli laniydomonas cocci- 
fera, according to Gono- 
S(JHA.NKIN (''^^), there is 
in contrast to the other 
species a marked differen- 
tiation in the sexual 
cells. Single cells become 
transformed into large, 
non-ciliated, female 
‘ gametes or egg - cells ; 
others divide and each 
gives rise to 16 small, 

biciliate male gametes. The transition to oogamy thus occurs in this group even 
among the isolated unicellular forms. 

Polytoina uvellciy which resembles Chlamydomonas in structure, is a colourless 
and saprophytic form (Fig. 333, 2). 

Under certain conditions some Chlarnydomonads lose their cilia and the cells 

enclosed in swollen gelatinous walls 
undergo divisions and form colonies. 
This is termed the Palmella stage. The 
eells can again become motile undei: 
favourable conditions. 

The biciliate cells of Pandormaf 
Midormaf Volwx, etc. , are united in 
colonies Or coenobia. In (Fig.; 

334), which may be regarded as the 
highest form in the order, the free- 
swimming colonies have the shape of a 
hollbw sphere. The component proto- 
plasts are connected by . fine processes, 
so that the organism must be regarded 
as constituting a single individual. 
The sexual cells are differentiated into 
ova and spermatozoids. The egg-cells 
arise by the enlargement of single cells : 
of the colony j they are large, green, 
non-motile cells surrounded by a muci- 
laginous wall. The small spermatozoids 
are elongated bodies of a bright yellow colour, provided with two cilia attached 
laterally below the colourless anterior end ; they arise by the division of a cell 
of the colony into numerous daughter cells. After fusing with a spermatozoid 
within the cavity of the colony the eg-g-cell is transformed into the thick-walled, 
resting oospore. The vegetative reproduction of Votvox takes place by the division 
of single cells of the colony to form a new daughter colony ,* this corresponds 
to the formation of swarm-spores in other genera, PJudorma is also oogamous. 



c/ir 



Fiq. -333. 
Dill) ; 


1, Chkmjjtlommafi angulosd (after 
cilia ; v, vacuole ; /,•■, micleus ; chr, 
cliroiiiatopboros ; p?/, pynuioid ; a, eye-spot. 

Polijtoma urella (after Danoeabd). (From 
Oltmanns' Algae.) 
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Order 2. Protococcales 

Tliese lire unicellular green Algae, or their cells are united in colonies of various 
form ; the vegetative cells have no cilia, and the cell or colony is consequently 
noil-motile. Usually each cell contains a nucleus and only one chloroplast. 
Reproduction is by means of zoospores, in place of whicli in many genera non- 





Fig. 334.— FoZi’oj; A, Colony showing various stages of develoijrnant of ova and 
spermatozoids (x 165). i?, Bundle of spemiatozoids formed by division from a single 

cell (x 530). C, Sperraatozoids (x 530). D, Egg -cell surrounded by spormatozoids in 
the raueilaginoiis membrane (x 265). (After F. Cohn.) 

ciliated aplanospores are found. Sexual reproduction, when present, takes tlv3 
form of conjugation of similar gametes. It has only been demonstrated in certain 
genera and appears not to have arisen in the simpler forms. 

The simplest forms belong to the genera QhlorococcuM and Chlorella (-^h 32^. 
The cells of the former are spherical, and occur in fresh water and also on damp 
substrata ; they frequently take part in the composition of Lichen thalli. Asexual 
repirodnction is by the production from a cell of a number of bieiliate zoospores 
(I’ig. 336) ; under certain conditions these are replaced by aplanospores without 
cilia. Ohlorclla mi^Ujans (Fig. 336) is a widespread Alga, the small cells of whicli 



THALLOPHYTA 


often live symbiotically in the protoplasts of lower animals (Infusoriac, Eijdm, 
Spongilla, Planariae) ; it is miiltiplied only by division of the cells into 2, 4, or 8 
aplaiiospores which surround themselves with walls and grow to the lull size. 

The simplest type of ceil colony, consisting of four cells, is found in the genus 
Scenedestnus, which is widely spread 

in fresh water, and connects on to \ i 

Ohlorella. The commonest form, Sc. 
acutus, has spindle-shaped cells, while 

the colonies of Sc. caudakis are dis- I ^ \ ^ 

tinguished by four long horn-like pro- ^ 

longations of the cell wall (Bfg. 337). 

In reproduction each cell divides in 

the direction of its length into four j o 

daughter cells, which on escaping from o 

the parent cell torni a new colony. More — Chlorococcunb(CMo7'osphaercC)U'niieola. Ij 

complicated cell colonies are met with Vegetative cell and cell divided into 8 zoospores ; 
in Pediastrum (Fig. 338), in which free zoospores ; S, zoospores after they have 

each cell-family forms a. free-floating cell walls. (After Beyehinck, tom 

plate, composed internally or polygonal 

cells, while on the margin it consists of cells more or less acutely creiiated. The 
formation of asexual swarm -spores is eftected in Pediastf%im by the division of 
the contents of a cell into a number (in the case of the species illustrated, P. granu- 
into 16) of naked swarm -spores, each with two cilia. The swarm-spores, 
on escaping through the ruptured cell wall (Fig. 338 Ay h), are enclosed in a 
common envelope. After first moving vigorously about within this envelope, they 

eventually collect together and form a 
cell-family. Pediastrum also pos- 
I sesses a sexual mode of reproduction. 

^ V gametes are all of equal size, and, 

except that they are smaller and are 
produced in greater numbers, are 
similar to the swarm - spores. They 
move freely about in the water, and 
ill conjugating fuse in pairs to form 
zygotes. The further development of 
the zygotes into cell- families is not yet 
fully known. 

The life-history of the Water-net 
\Hydrgdictyo7i ttkdculdiwn) (^» ^5) is 
essentially similar. It is one of the 
most beautiful of the free-floating, fresh-water Algae, the hollow cylindrical colonies 
being formed of elongated cells united together to form a many-meshed net. 

The Protococcales like the Volvocales can be derived from the Flagellata. In 
contrast to the latter group the non-motile, non-ciliated condition- of the cells has 
.become xirevalent as it has throughout the higher Algae. In some genera of the 
Protococcales even the spores do not develop cilia, although, as a rule, the repro- 
ductive cells of the Algae tend to retain the Flagellate character. Thie loss of 
motility is accompanied by a more complex external form of the cells.- 

Order 3. XJlotrichales 

‘ The Ulotrichales exhibit, as compared with the unicellular green Algae, an 
advance in the external segmentation of the thalius. , It is always multicellular, 

; ' ,, . 3B ' 


J?'ra. ZBG.-—Chloi’ella vulgaris. J, Cell ; 3, division 

into four aplanospores ; 4, 5, division into eight 
aplaiiospores. (After G r intzesco.) 
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«‘X]id, in uiosfc of the genera, conwists of simple or branched iilanieniB. The 
iilamcnts are cither attached by a colourless basal cell to the substratinn 
(Fig. 340 A) or float free. The thalhis of the marine genus Ulva {Viva laduca, 
SEA lettuce) has tlie Ibrm of a large, leafdikc cell surface, and is two layers 
of cells thick (Fig. 81, young plant). In EnU‘)'07mri)lia (Fig. 339) the tliaJlus is 
ribbon-shaped, either cj-lindrical or hatteued ; when young it is two-layered, but 
later it becomes hollow, the wall thus consisting of one layer of ceils. Although 
the majority of the Ulotrichales live in fresh or salt water, a few aerial forms 
(Ghroolepideiie) grow on stones, trunks of trees, and, in the tropics, on leaves. 
To this famil 3’ belongs Tfcnfe^oUlia {ox Chroolc/ms) JoJiUius, often found growing 
on stones in inountainoiis regions. The cell fdaineiits of tliis species appear red 
on account of the haeinatochrome the}^ contain and possess a violet-like odour. 

The cells have always only one nucleus 
and also a single chloroplast. 

The asexual reproduction is accom- 
plished by tlie furniatit^n of ciliated swarm- 


spores in. process of extrusion (the other 
. ceUs have already’ discharged their spores). 

Fro. 337. — *4, Seenedefimiis acuhis, i>, The same, Cell-family shortly after extrusion of the 

undergoing division. G, Sceneckmns ccmdatiui. spores. 0, Coll-faniily4niiOurs later, (x 301). 

(x 1000. After Senn.) After An Huaun.) 

the sexual cells are differentiated as non-niotile egg-cells and motile sperm atozoids. 

Ulothrix zonata (^) (Fig. 340 A) is one of the commonest filamentous Algae. 
The filaments of UhtJirix exhibit no pronounced apical growth ; they are 
unbranched, attached by a rhizoid. cell, and consist of rows of short cells ; each 
cell contains a band-sliaped chloroplast. The asexual reproduction is effected 
by means of swarni-siiores, which have four cilia (G), and are formed singly or by 
division in any cell of the filament. The swarm-spores escape through a lateral 
opening {B) formed by absorption of the cell wall, and, after swarming, give rise to 
new filaments. The sexual swarm cells, or planogarnetes, arc formed in a similar 
manner by the division of the cells, but in nmcli greater numbers. They are 
also smaller, and have only two cilia (J3). In other respects they resemble the 
swarm-spores, and possess a red eye-spot and one chroma to pli ore. By the con- 
jugation of the planogarnetes in pairs, zygotes {FAI) are produced, which, after 
drawing in their cilia, round themselves off and become invested with a cell wall. 
Ulothrix is dioecious, foi^ gametes derived from the same filament do not fuse, but 
only those of distinct origin. After a shorter or longer period of rest the zygotes are 


spores. Sexual reproduction is effected 
either by the fusion of planogarnetes, or 




Fio. 33S - — Pediastrmn granihlatum, -4., An old 
cell-family : a, cells containing spores ; 7;, 
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eonx-erted into nnicellular germ plants (J), and give rise to several sxvarm-spores. 
(/Cj, wliieli in turn grow out into iiew filaments. Under some conditions tlie 
planogametes can give rise to new plants partlienogenetically without conjugating. 
Furtliei'j the filaments can, in addition to the swarm - spores with four cilia 
descri]>ed above, produce others of smaller size (micro-zoospores) which resemble 
the gametes. . These possess four or two cilia, and as a rule die if the temperature 
of the medium is above 10“ ; below this temperature they come to rest after a few 
dax’s and proceed to germinate slowly. This Alga is thus of interest from the 
incomplete sexual differentiation exhibited by its gametes. 

The genera Oedoyonium (•’■*) and Bulhoehaetc may be quoted as examples of 
uoganious Ulotrichales. While the thallus of the latter is branched, the 
numerous species of Oedogonvum 
consist of unbranched filaments, 
each cell of which possesses one 
nucleus and a single parietal 
chromatophore composed of 
numtirous united bands. The 
asexual swarm -spores of Oedo- 
gonium are unusually large, and 
have a circlet of cilia around 
their colourless, anterior ex- 
tremity (Fig. 341 B). In this 
case the swarm -spores are formed 
singly, from the Avholo contents 
of any cell of the filament {A), 
and escajxe by the rupture of 
the cell wall. After becoming 
attached by the colourless end 
they germinate, giving rise to a 
new filament. For the purpose 
of sexual reproduction, on the 
other baud, special cells become 
swollen and differentiated into 
barrel- sl'^2)e4 oogonia. A single f’m. 339. — B}iteromorpha compressa. ] nat. size.) 
largo egg -cell with a colourless 

receptive spot is formed in each oogonium by the contraction of its protoplasm, 
while the wall of the oogonium becomes perforated by an opening at a point 
opposite the receptive spot of the egg. At the same time, other, generally 
shorter, cells of the same or another filament become converted into antheridia. 
Each aiitheridium usually gives rise to two spermatozoids. The sperraatozoids are 
smaller than the asexual swarm-spores, but have a similar circlet of cilia. They 
penetrate the opening in the oogonium and fuse' with the egg-cell, which then 
becomes transformed into a large firm- walled oospore. On the germination of 
the oospore its contents become divided into four swarm-spores, each of which 
gives rise to a new cell filament. In the adjoining figure (Fig. 342) a germinating 
oospore Bulhochaete with four swarm-spores is represented. 

In some species of Oedogonium the process of sexual reproduction is more 
complicated, and the spermatozoids are produced in so-called bwaef males. These 
are short filaments (Fig. 341 C, a) consisting of but few cdlls, and are developed 
from asexual swarm-spores (anbuospoees) which,, after swarming, attach them- 
selves to the female filaments, or even to the oogpnia. * In the upper cells of the 
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dwarf male filaments thus derived from the androspores, spormatoz'oids are jn'o- 
duced which are set free by the opening of a cap-like lid (Fig. 341 i), a). 

The genus Cohocliaete ('"”) is also oogainous (Fig. 343). The long colourless neck of 
the flask-shaped oogonium opens at the tip to allow of the entrance of the spermato- 

zoid. The splierical oospore increases 
in size and becomes surroimded by 
a single layer of pseudo-j)arenchy- 
matous tissue derived from filaments 
that spring from the stalk cell of the 
oogonium and neighbouring cells. 
In this way a fruit-like body is 
formed . On germination the oospore 
undergoes a reduction division and 
divides into 16 - 32 wedge - shaped 
cells, then breaks up and liberates 
a swarm-spore from each cell. 

Order 4. Siphonocladiales 

The Algae of this ordef are fila- 
mentous and usually branched ; 
they are distinguished from the 
Uiotrichales by their large multi- 
nucleate cells, the chloroplasts of 
which are either solitary, large, and 
reticulately - formed, or appear as 
numerous small discs. 

The genus Gladopliom^ numerous 
species of which occur in the sea 
and in fresh water, is one of the 
most important representatives of 
the order. Gl^ glomemtcb 
is one of the commonest AlgSe in 
streams, often attaining tlie length 
of a foot. It is attached by rhizoid- 
like cells, and consists of branclied 
filaments with typical apical growth 
which some other representatives 
of the order do not show. The 
structure of the cells is represented 
Branching 





Pio. 340. — Ulothrix zonuta* Young iJlament with 
xixizoid cell r ( x 300) ; B, portion of filament with 
escaping swarm-spores ; f?, single swarm-spore ; D, 
formation and escape of gametes ; E, gametes ; F, G, 
conjugation of two gametes; /f, zygote; J, zygote 

after period of rest; iT, zygote after division into in Figs. 7, 9, and 18. 


swarm-sporevs. {B-K x 482. After Dodel.) takes place from the upper ends of 

the cells by the formation of a pro- 
trusion which is cut off as the first cell of the branch. 'Asexual reproduction 
is by means of biciliate zoospores (Fig. 344), which arise in numbers from the 
upper cells of the filaments, and escape from these sporangia by a lateral opening 
in the wall. The sexual reproduction is isogamous as in Vlothrix. 

Only in the genus S^haeroplea has the sexual reproduction become oogamous. 
S. annuUna consists of simple filaments and occurs in fresh water. 

Many forms occuf in the sea {e.g. Siphonocladus), and some have a highly 
complicated thallus, which is always^ however, formed of branched filaments ; by 
oaloareous incrustation some forms come to resemble coral. Acetabularia mediter- 
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jj I J) — ^ulhnchaeU inter- 

media. A, Oospore. B, 

Fro. 34L— -.-‘I, U, Oedogonum: vl, escaping swarm-spores ; i>\ free Formation of fonr swarm- 

swarni-sporc. C, D, Oedogonium ciliatum: C, before fertilisa- spores in the germinating 

tion; D, in process of fertilisation; o, oogonia; a, dwarf oospore, (x 250. After 

males S', spermatoiioid. (x 350, After PEiNasHBiM.) Prinosheim.) 

ranea (Fig. 345) will serve as an example of such calcareous Algae. The thin stalk 
of the thallus is attached by 

means of rhizoids, while the a Pv 

umbrella-like disc consists of 
closely united tubular out- 

growths, each of which is to ^ 

be regarded as a gametangium. 'i ? ^ 

The contents of the latter do v 

not form the biciliate gametes t 

directly, but first divide into \ B 

a large number of firm- walled \ hi V 

cysts. These remain in the \ \ j f 

resting condition throughout Y\ / ( /k' 

the wdnter, and then give rise ' / j / 5?/ 

to numerous gametes which l|| // ^ ) i 

conjugate in pairs. The zygotes /{@i / j ^ ^ 

germinate promptly and grow /i:A 

into new plants. [fM j \ 


Order 6. Siphonales p,l 

The Siphoneae are distin- ^ 'il 

guished from the preceding 
groups of Algae by the struc- ^ 'S 
ture of their thallus, which, 
altliough more or less profusely 
branched, is not at first divided 
by transverse septa. The cell 
wall thus encloses a continur 
oils protoplasmic body in which Fig. S43. 
numerous nuclei and small 
green chloroplasts are em- m, 

bedded. The same type of **frae 

thallus is also met %vitb in Onwi 
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the Piiycomycetes or Algal 
Fungi. 

The majority of the Siphoneae 
inhabit the sea, and on account 
of the complicated segmentation 
of tiieir thallus, afford one of 
the most interesting types of 
algal development. The genus 
Caulcrpa represented^ by 

many species inhabiting the 
warmer water of the ocean, has 
a creeping main axis. Inci’easing 
in length by apical growth, the 






Fig. 344. — Clado^phyra glomerata. 
Swarm-spore, (x 500. After Stras- 

BURGER.) 


















Fig. 845 . — Aeetalndaria m-^diUrranm. 
(Nat. size. After Oltmakns.) 


^ stem-like portion of the thallns 

' /y I gives off from its under surface 

^ j profusely-branched colourless 

■■ ■' ' >1 ■ ' f fil'A rhizoids, while, from its upper 

' r/'f ’-'Y side, it produces green thailoid 

/Ov 1 segments, which vary in shape 

y j'jsi?/ different species. In 

vXypU CwuleT 2 Kt prolifer a {^ig. 

• Yv’'‘''\ ■ 'V-M %/'■ which occurs in the ATediter- 

( '• • ranean, these outgrowths are 

' V”VvA leaf- like and are frequently 

pi/'-') proliferous. In other species 

■ y'-'S'- '] '■ (;i% - ' they are pinnately lohed or 

' ■ Y' " rHl;' * / branched. The -whole thallus, 

Yw A ' ''W however branched and seg- 

i mented it may be, encloses 
' I • hut one cell-cavity, which is, 

■ ’ \ however, often traversed by a 

; ' ' ■ fj ■ ' network of cross - supports or 

^ trabeculae. Starch - forming 

6 - leiicoplasts are present in the 

J' ' 1 r colourless parts of the thallus. 

Yv ' ' ' ' ^ genus Bryopsis, on the 

‘ other hand, has a delicate, pin- 

nately- branched thallus (®^). 
Fio 340.-Cra,*rj>a prolfra.: The shaded Uaes on the The thallus of Halimeda, the 
thallus leaves indicate the currents of protoplasmic move- . - .i 

ment. a, Growing apex of the thallus; axis ; h, young sp^cies of w’hich occur in the 

thallus lobes ; r, rhizoids. (J Uftt sfea) ~ warmer seas, is composed of 

, / . . :>.xPP:PPA'i-: ' ■' 
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flattened segments, and resembles an Opuntia on a small scale. By incrustation 
with lime it attains a hard, coral -like texture. The segments are formed of 
bi'anehed tubular filaments. 

In Bryopsis the biciliate, pear-shaped, conjugating gametes are ditfereutiated 
into a larger female cell •with a green chromatophore and a smaller male cell, 
three times smaller than the female and with a single yellow chromatophore ; 



Fio. M7.~VaHc7k>/'iasesslHg, Young sporangium. P, Zoospore with the sporangium from 
which it has escaped. C, A portion of the pteripheral zone of a zoospore. D, A young plant 
with rhizoids developed from a zoospore. (A, B after Gfi’rz ; D after Sachs ; from Oltmanns' 
A 7 gae. G after Strasbltrger.) 

ill Vaucheria and Dicliotomosiplion oogsanaviB reproduction is well marked (^®). 
The latter Algae occur in fresh water or on damp soil. The thallns consists of a 
single branched filamentous cell attached to the substratum by means of colour- 
loss rhizoids (Fig. 847 D). 

The swarm-spores of Fhwc/tmV Y^hich differ from those of the other Sipho- 
nales, are developed in special sporangia, cut off from the swollen extremities of 
lateral branches by means of transverse walls (Fig. 847). The whole contents of 
such a sporangium become converted, into, a single green swarm-spore. The wall 
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of the sporangium then ruptures at the apex, and the swarm-spore, rotating 
on its longitudinal axis, forces its way through tlie opening. The swarm -spore 
is so large as to be visible to the naked eye, and contains numerous nuclei 
embedded in a peripheral layer of colourless protoplasm. It is entirely surrounded 
with a fringe of cilia, which protrude in pairs, one pair opposite each nucleus. 
Morphologically the swarm - spores of Vcmcher ia correspond to the total mass of 

individual zoospores of an ordinary sporangium. 

The sexual reproduction of J^aucheTiG, is not effected, like that of the other 
Siphoneae, by the conjugation of motile gametes, from which, however, as the 
earlier form of reproduction, it may be considered to have been derived. The 
oogonia and antheridia first appear as small 
protuberances, which grow out into short lateral 
branches, and become separated by means of 
septa from the rest of the tliallus (Fig. 348 o, a). 

At first, according to Oltmanns and Heidingeu, 
the rudiment of an oogonium contains numerous 
nuclei, of which all but one, the nucleus of the 
future egg- cell, retreat again into the main 
filament before the formation of the septum. 

In its mature condition the oogonium has on 
one side a beak-like projection containing only 



■wit-li an oogonium, o ; antlieridiiun, a ; ch, chro- 
matopliores ; n, cell nuclei ; ol, oil globules. 
(X 240. After Strasburgee.) 



B’ig. 349. — Botn/divm grairuhitu'ni. 
A , Tlie whole x>lant. U, Swarm- 
spore. (A X 2S ; 11 X 540. After 
Strasburger.) 


colourless protoplasm. The oogonium opens at this place, the oosphere rounding 
itself off. The antheridia, which are also multinucleate, are more or less coiled (a), 
and open at the tip to set free their mucilaginous contents, whicli break up into a 
number of swarming spermatozoids.. The spermatozoids are very small, and have 
a single nucleus and two cilia inserted on one side. They collect around the 
receptive spot of the egg-cell, into which one sperrnatozoid finally penetrates. 
After the egg-cell has been fertilised by the fusion of its nucleus with that of 
the sperrnatozoid, it becomes invested with a wall and converted into a resting 
oospore. On germination the oospore grows into a filamentous thallus. 

Botrydiim gmnulatum (Fig. 349), which was formerly included in the Hetero- 
contae, may be placed in the Siphoneae. This Alga is cosmopolitan and grows 
on damp clayey soil, where it forms groups of green balloon-shaped vesicles about 
2 mm. in size. These are attached to the soil by branched colourless rhizoids. The 
whole plant corresponds to a single multinucleate cell ; its protoplasm contains 
numerous green chloropiasts, . The zoospores, produced in large numbers by the 
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division of tlie contents, escape by an opening at the sunmiit. Each lias a single 
cilium and contains two chloroplasts. After swarming the spore siirroimds itself 
with a wall and grows into one of the balloon-shaped plants. Sexual repiroduction 
is not known (*’). 

Class X 

Pliaeophyeeae (Brown Algae) 

The Phaeophyceae, like the Ohlorophj^ceae, can be derived from 
Fiagellata. They attain a higher grade of . organisation in their 
vegetative organs than do the Green Algae. 

With the exception of a very few fresh -water species, the 
Phaeophyceae are only found, in salt water. They attain their 
highest development in the colder waters of the ocean. They 
show great diversity in the form and structure of theii* vegetative 
body. The simplest representatives of this class {e,g, the genus 
Edocarpn^) have a filamentous thallus consisting of a branched or 
X, unbranched row of simple cells. Some Phaeophyceae, again, have a 
^ cylindrical, copiously-branched, multicellular thallus {e.g. Cladostephvs), 
whose main axes are thickly beset with short multicellular branches 
(Fig. 89) ; while in other cases the multicellular thallus is ribbon-shaped 
and dichotomously branched {e,g, Dictyota^ Fig. 83). Growth in length 
in both of these forms ensues from the division of a large apical cell 
(Figs. 89 and 90). Other sp'ecies, again, are characterised by disc- 
shaped or globose thalli. 

The Laminariaceae and Fucaceae include the most highly developed 
forms of the Phaeophyceae. To the first family belongs the genus 
Laminaria found in the seas of northern latitudes. The large 
stalked thallus of the Laminarias resembles an immense leaf ; it is 
attached to the substratum by means of branched, root-like holdfasts, 
developed from the base of the stalk. 

In Laminaria digitata and L. CJloustoni (Fig. 351), a zone at the base of 
the palmately-divided, leaf-like expansion of the thallus retains its meristematic ; 
cliaracter, and by its intercalary growth produces in autumn and winter a new 
lamina on the perennial stalk. The older lamina becomes pushed up and gradually 
dies, while a new one takes its place and becomes in turn palmately divided by 
longitudinal slits. The large size of their thalli is also obaractej'istic of the 
Laminarias ; L. saccharina (North Sea), for instance. Inis an undivided but 
annually renewed lamina, frec^uently S m. long, and a stalk more than 1 cm. thick. 

The greatest dimensions attained by any of the Phaeophyceae are exhibited by 
certain of the Antarctic Laminariaceae. Ojf these, Macrocystis yifrifera (Fig. 350) is 
noted for its gigantic size ; the thallus grows attached to the sea-bottom at a depth 
of 2-25 m., and, according to Skottsherg is at first dichotomously branched. 
Single shoots of the thallus grow to the surface of the water, and floating there attain 
a great lengtli ; they bear on one side long flat lobes divided at their free ends, 
and having at the base of each a large swimming bladder. In the Antarctic 
Skottsbeiig measured examines ,70, m. long, while Frye, Eroa, and Crandall 
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determined the length on the coasts of California as 45*7 m. Other noteworthy 
forms are the Antarctic species of Lessonia, in which the main axis is .‘is tliick as 
a man’s thigh ; from it are given off lateral branches with hanging leaf -like 
segments. The plant .attains a height of several metres, and has a, ti'ee-like, habit 
of.growth. . 

The Fiicaceae although relatively large, do not comi)are wdth the Lfnni- 
nariaceae in size. As examj^les of well-known forms of this order may be cited 


Fig. BBO.-~A![acrQcydispyrlfem, Ag. o. Younger, b, oldei’ 
thallns. nat. size. After SKorTSBEiiG.) 


Fucus vesiculositSy which has a ribbon-shaped, V \ /’ '//-/ 

dichotomously - branching tballus with air-. ' 

bladders, Fucv.s itlatycarims ’without bladders, \ W / 

and Fugus seiratus (Fig. 352)‘*'with a toothed 

thallns. They are fastened to the substratum 

by discoid holdhists, and growing sometimes 

over 1 metre long are found covering extended 

areas of the littoral region of the sea-coast. i 

8ci7'gassumf a related genus chiefly inhabiting I 

tropical oceans, surpasses the other Brown 1 

Seaweeds in the segmentation of its thallns. 1 

The thallus of Sargassw)i shows, in - fact, a 

distinction into slender, branched, cylindrical 

axes with lateral outgrowths, which, according 

to their function, are differentiated as foliage, ' 

bracteal, or fertile segments, or as air-bladders, pjo. sil.-Lamimria oinmtaifi, North 
The species of Sargassmti which in the Sea. (Hediiced to t.) 

warmer regions of the ocean often form large 

yellowish-brown floating masses are worthy of note. In the- Sargasso Sea of the 
Atlantic Ocean there are according to Borgesen two species [8, natans-8, haeci- 
ferum and 8, fluitmis) wliioh have this exclu.sively pelagic- mode of life. They 
have reproduced here for ages by vegetative budding, though originally coming 
from attached species of the coasts of the West Indies and tropical America 
8. natans also occurs in the Pacific. 

The cells of the Phaeophyceae have usually but one nucleus. 
They contain a larger or smaller number of simple or lobed, diso 
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shaped, brown chromatophores, giving to the algae a yellowish-brown 
or dark-brown colour. In addition to the pigments of chlorophyll 


Fio. 352.™ semtus. To the left the end of an older brjtnch bearing conceptacles. (| nat. size.) 

they contain a special yellow pigment, phycoxanthin (fucoxanthiii). A 
polysaccharid called laminarin arises as a metabolic product from glucose, 
while in addition mannite is formed. Small vacuoles containing a 
tannin-like substance called fucosan are generally distributed in the 
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cells; this is a by-product of the process of assimilation. Among the 
more highly developed forms the thallus exhibits a well-differentiated 
anatomical structure. The outer cell layers, as a rule, function as 
an assimilatory tissue, the inner cells as storage reservoirs. In the 
Laminariaceae and Fucaceae structures closely resembling the sieve- 
tubes of the cormophytes occur, and conduct albuminous substances. 


Even in the largest Sea- weeds (including the Red Algae) intercellular spaces 
containing air are wanting in the tissues. According to Kxiep the gaseous inter- 
changes in assimilation, and especially in respiration, are on tliis account difficult 

in the more massive Algae. On the other hand, 
gases readily diffuse through algal cell walls. 


Four orders of the Phaeophyceae may 
be distinguished. The incliide 

forms with simple structure of the thallus 
which is frequently fila.mentous. They are 
vegetatively reproduced by means of zoo- 
spores and sexually by ciliated gametes. 
They thus resemble the simpler Green Algae. 
The Tilopteridaceae and I)iGtyotaGeae stand at 
a higher level, their sexual cells being differ- 
entiated as large non-motile egg-cells and 
small ciliated spermatozoids. Their sexual 
cells are formed on special sexual individuals 
or gametophytes. From the fertilised egg 
the asexual generation or sporophyte is 
developed ; this is similar to the gametophy te, 
but produces the asexual spores so that there 
is a well-marked alternation of generations 
which is also apparent in some of the PhaeO'- 
sporeae. In the L(M0n{M;mceae also there is 
oogamy and a regular alternation of genera- 
tions, but the sporophyte and gametophyte 
are very unlike, the latter being a small filamentous dwarf plant. 
The Fucaceae are also characteristically oogamous, but produce no spores 
and thus lack an alternation of generations. 

The zoospores, gametes, and spermatozoids are spindle-shaped and always have 
a red eye-spot and two laterally inserted cilia, one directed forwards and the other 
backwards. They have a great resemblance to certain brownish-yellow Flagellata. 



Fig. 353.— .4, Pleurocladia lacustris. 
Unilocular sporangium witli its 
contents divided up into the 
zoospores; a, eye -spot; cJir, 
chromatophore. (After Kle- 
BAHN.) i?, Chorda Jilum. Zoo- 
spores, (After Reinke.) (From 
Oltmanns’ Algae.) 


Order l. Phaeosporeae 

In this order are included the majority of the Phaeophyceae. A sexual multi- 
plication is effected by means of swarm -spores, which are produced in large numbers 
ill simple (unilocular) sporangia and germinate shortly after swarming (Fig. 353). 

In addition to unilocular sporangia, multildcular sporangia are xiroduced in the 
Phaeosporeae (Fig. 354). Each cell of the multilocular sporangium produces a single 
swarm -spore, rarely several. The conjugation of these swarm^-spores has been 
observed in some genera. On this account these swarm-spores must be termed 
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plaiioganietesj and the corresponding sporangia gametangia. The degree of sexual 
differentiation varies, and in some cases the swarm-spores produced in miiltilocular 


ii. 355. — Ectocoi.r'pus silieulosus. 1, Female 
gamete surrounded by a number of male 
gametes ; seen from the side. Ji-B, Stages in 
the fusion of gamete.s. 6, Zygote after 24 
hours. 7-0, Fusion of the nuclei in conjuga- 
tion, as seen in fixed and stained material. 
(1-5 after Berthold ; 6-9 after Oltmanns.) 


Fig. 354. -—^1, Ectooarjms siliculosus. Plurilocular 
sporangium liberating its contents. (After 
Thueet.) B, C, D, Sphacelaria cirrhosa, de- 
veloiiment of the plurilocular sporangium. 
(After Reinke.) (From Oltmanns’ Algae.) ' 


Fig. 350.— -A, Antheridium ; B, Oogonium of 
Gutleria m ultifida. (x 400, After Reinke.) 


sporangia can germinate without conjugating, as was seen to occur in Ulothrix 
among the Ohlorophyceae, 

Bctocaijms silieulosus (Fig. 354) will serve as an example of the mode of con- 
jugation of gametes produced from multilocular gametangia- The gametes are 
similar in form, hut their different behaviour allows of their distinction into male 
and female which are formed in distinct gametangia, borne on the same or different 
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plants. The female gamete becomes attached to a substratum, and numerous 
male gametes gather around it (Fig, 355, 1), Ultimately a male gamete fuses 
with the female to form a zygote (Fig. 355, 2-9). This contains after the fusion 
a single nucleus, hut two chroma tophores, and soon becomes attached and 
surrounded by a cell wall ; it grows into a new plant. 

In other Phaeophyceae the distinction between the two kinds of gametes is 
expressed in their shape and size. The Cutleriaceae afford a particularly good 
transition from isogamy to oogamy and a differentiation of the gametangia into 
antheridia and oogonia (Fig. 356). 


In certain Phaeosporeae, e.g. the Cutleriaceae (^^), a regular alternation of genera- 
tions is found. The haploid sexual plants alternate with diploid asexual individuals, 



Fig. 357 . — Dictyota dw/wtoma. , Transverse sections of the thallus. 7, With tetrasporangia ; S, 
with a group of oogonia; 5, with a group of antheridia (after Thuret). 4, Spermatozoid 
(after Wii-lia.ms). (Prom Oltmanns' Algae.) 


the reduction division taking place in the zoosporangia. In Zanardinia the two 
generations are alike and have a d.isc-shaped thallus. In Cutler id, on the other 
hand, they are unlike, the sexual plant having erect, dichotoraously-divided shoots, 
while the sporophytic plants {Aglaozgnia) form flat, lobed, prostrate discs. The 
alternation of generations is not always strictly maintained in Gxdleria, since both 
sporophyte and gametophyte may give rise to its like. 

Order 2, Tilopteridaceae (^^) 

This order includes only a few forms which in vegetative habit correspond 
to the simpler Phaeosporeae such as Ectocarpus. A single large egg-cell is 
produced in each oogonium,, while, the, antheridia give rise to small biciliate 
spermatozoids. In the asexual sporangia there is no division into spores, but the 
contents become a single large monospore with four nuclei and enclosed by a cell 
wall, while in the Dictyotaoeae four free spores are formed. 
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Order 3. Dictyotaceae (‘^®) 

Only -•! small number of forms belong to this family. The fan-shaped Pudina 
■pa/conia, which occurs in tlie JMediterraiiean, and Diclyota dichotoma, with a forked 
ribbon-shaped thalliis, which is widely sjiread in the European seas (Fig. 83), are 
examples. Tlie spores are formed as in the Red Algae in sporangia ; usuall}’^ there 
are four spores (tetraspores), loss commonly eight. They have no cell walls and 
are unprovided with cilia and must he termed aplanospores (Fig. 357, 1). The 
tetrasporangia may he derived from the unilocular sporangia of the Phaeosporeae. 
The oogonia and antheridia in Dictyatd are grouped in sori (Fig. 357, 2, 3), and 



Fia. 3;jS. — Lam'inarki digUata, A, Male gametopbyte ; a, empty antheridia. C, P, Female 
garnetophytes {B is large, C small, while D is reduced to a single oogonium) ; or/, oogonium ; 
0 , egg-cell, B, Yoimg sporophyte, still seated on the empty oogonium, F, Further developed 
sporophyte with the rlujioids. (A x 000; B x 202; ' <7 x 322; P x 025 ; P x 322; F X 390. 
After H. Kylin.) 

arise from adjacent cortical cells, each of which divides into a stalk cell and the 
oogonium (or aiitheridium). The p)eripliefal cells of the antheridial group remain 
sterile and form a kind of indiisium. Each oogonium forms a single uninucleate 
oos]>]iore ; the aiiiheridia become septate, resembling the plurilocular gametangia, 
and each cell gives rise to a spermatozoid. This, in contrast to the spermatozoids 
of other Brown Algae, has a single long cilium, inserted laterally. The zygote 
germinates without undergoing a period of rest. 

Dhctyota is dioecious. Tlie male and female plants arise from the asexually- 
produced tetraspores ; from the fertilised ovum plants which bear tetraspores are 
developed. In the tetrad division in the sporangia the number of chromosomes 
becomes reduced from 32 to 16, and the reduced number is maintained in all the 
nuclei of the sexual plants, the double number being again attained in fertilisation. 
There is thus a true alternation of generations. The sexual generation (gametophyte) 
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und the asexual generation (sporophyte) do not, liowever, show differences in 
structure. 

Order 4. Laminariaceae (■^®) 

The regular alternation of generations of these plants, which are the largest of the 
Brown Algae, corresponds with that in Ferns in that the gametophyte in contrast to 
the sporophyte is very small. The large sporophyte hears club-sha})ed or cylindrical 
sporangia forming an extensive superficial layer. Each surface cell of the tliallus is 
prolonged as a club-shaped sterile cell or parajffjysis beside which the sporangia arise 
as shorter cells. The reduction division takes place in the sporangia. From the 

bicilia te swarm'S})ores minute fila- 
mentous nlale and female gameto- 
phytes develop (Fig. 358). The 
former are abundantly branched, while 
the latter consist of few cells and in 
extreme cases may he reduced to a 
single cell. The male gametophytes 
bear the antheridia beside or behind 
one another at the tips of the branches. 
Each antheridium gives rise to oiie 
spermatozoid. Any cell of the female 
gametophyte may form an oogonium, 
from an opening at the summit of 
which the naked egg - cell emerges. 
This remains in front of the opening 
and after fertilisation (which has not 
been observed) proceeds to grow into 
the young sporophy te (Fig. 368 A?, i^j; 
The oogonia and antheridia are homo- 
logous with the gametangia of the 
Phaeosporeae. 

Paschek has observed on ciilti- 
vated young sporophytes of 
sacGhm'ina, ah extremely early piro- 
duction of sporangia. Thus the sporo- , 
phyte, which Is usually of large size, may under particular external conditions 
undergo* profound reduction in size. A point of view is thus attained from which 
the striking dimorphism of the two generations may be explained. 

Order 6. Fucaceae .(^') 

Asexual reproduction is wanting in this order, while sexual reproduction is 
distinctly oogamous. The oogonia and antheridia of Fums are formed in special 
flask-sbaped depressions termed oonceptacles, wliich are crowded together below 
the surface in the swollen tips of the dichotomously -branched tliallus (cf. F. serraUis, 
Fig. 352). The conceptacles of F. platycarjpus (big. 359) contain both oogonia and 
antheridia, while F, vesicuhsus, on the contrary, is dioecious. From the inner wall of 
the conceptacles, between the oogonia and antheridia, spring numerous uiibranched 
sterile hkirs or pauaphyses, some of which protrude in tufts from the mouth of the 
Gonceptacle (Fig. 359^). The antheridia are oval in shape, and -are formed in 
clusters on special short and much-branched filaments (Figs. 359 a, 360, 1). The 
contents of each antheridium separate into sixty-four spermatozoid s, which are dis- 



Fio. 359 . — Fucus ‘plaUjmrpm. Monoecious coii- 
ceptacle with oogonia of different ages (o), and 
clusters of antlieridia(a) ; 'p, parapliyses. ( x circa 
25. After Teuret.) 
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. m,—Fucus, 1, Group of anthevidia, Aiitlieridia showing escaping spennatozoius. 
Oogonium, the contents of which have divided into eight egg-cells. 4, Contents separated 
from stalk (st). 4, Liberation of the egg-cells. 6, Oosphere surrounded by spermatozoids. 
(After Thuret. From Oltmanns’ Algae,) 

lewliat elongated ovate bodies, having two lateral cilia of unequal length and 
ed eye-spot. The oogonia (Figs. 350 o ; 360, 3) are nearly spherical, and are 
.’ne on a short stalk consisting of a single cell. They are of a yellowish-brown 
our, and enclose eight spherical egg-cells which are formed by the division 
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of the oogonium mother cell and are separated by delicate cell walls. The eggs 
are enclosed within a thin membrane when ejected irorn the oogonium. This 
membranous envelope deliquesces at one end and, turning partly inside out, 
sets free the eggs (Fig. S60, 4, 5). The spermatozoids then gather round the eggs 
in such numbers that by the energy of their movements they often set them 
in rotation (Fig. 36G, 6). After an egg has been fertilised by the entrance of one 
of the spermatozoids it becomes invested with a cell wall, attaches itself to the 
substratnm, and gives rise by division to a new plant. 

Ill the case of other Fucaceae which produce four, two, or even only one egg 'in 
their oogonia, the nucleus of each oogonium, according to Oltmanns, nevertheless 
first divides into eight daughter nuclei, of which, however, only the proper 
number give rise to eggs capable of undergoing fertilisation. The other reduced 
eggs, incapable of fertilisation, degenerate. 

Since the Fucaceae have no asexual spore- formation the alternation of genera- 
tions characteristic of Dictyota is wanting in them. The thallus of Fums, 
developed from the fertilised ovum, has diploid nuclei. Reduction takes place in 
the first two divisions within the ojogonium and autheridium, so that four haploid 
nuclei result. In the oogonium one further division, and in the autheridium four 
take place before the sexual cells are produced. Thus in Fums, in contrast to 
only a very short haploid stage can be recognised. 

Economic Uses.— The dried stalks of Xo-mmarm digitata and L, Gloustoni were 
used as dilating agents in surgery. Iodine is obtained from the ash (varec, kelp) 
of various Laminariaceae and Fucaceae, and forniei’ly soda was similarly obtained. 
Many Laminarias are rich in mannite [e.g. Laminaria smGlidTma\ and are used in 
its production, and also as an article of food by the Chinese and Japanese. 

Class XI 

Charaeeae (Stoneworts) (^> 

The Charaeeae or Oharophyta form a group of highly organised green Thalio- 
^ phytes sharply isolated from both simpler and higher forms. Their origin must 
he looked for in the Ohlorophyceae, but the complicated structure of their sexual 
organs does not allow of any immediate connection with the oogamous Green Algae. 
On the other hand, in certain characters they show some approach to the Brown 
Algae, from which they differ in the pure green colour of the chromatophores. 
They cannot be regarded as leading towards the Bryophyta although their karyo- 
kinetic nuclear division exhibits a gi*eat agreement with that of the Archegoniatae. 

The Charaeeae gi'ow in fresh or brackish water, attached to the 
bottom and covering extended areas with a mass of vegetation. Their 
regular construction and , habit is characteristic. In some species 
the cylindrical main axes are over a foot in length, and are composed 
of long internodes alternating with short nodes, from which short 
cylindrical branches are given off in regular whorls with a similar 
structure, but of limited growth (Fig. 361). The lateral axes are 
either unbranehed or give rise at their nodes to verticillate outgrowths 
of a second order. From the axil of one of the side branches of each 
whorl a lateral axis resembling the main axis is produced. The attach- 
ment to the substratum is effected 'by means of colourless branched 
rhizoids springing from the nodes at the base of the axes. The rhizoids 


DIV. I 


THALLOPHYTA 


419 



■t ''' ' i'i f i 

■'M, 


sliou' a similar segmentation into long internodal cells and nodal cells 
that are laterally displaced. Branching takes place at the nodes. 

Botli tlic main and lateral axes grow in lengtli by means of an apical cell, from 
which other cells are successively cut oif by the formation of transverse walls. 
' Each of these cells is again divided by a transverse 
wall into two ceils, from the lower of which a long 
internodal cell develops without further division ; 
while the upper, by continued division, gives rise 
to a disc of nodal cells, the lateral axes, and also, 
in the lower portion of the main axis, to the rhizoids. 

In the genus jS’itella the long internodes remain naked, 
but in the genus Ohara they become enveloped by a 
cortical layer consisting of longitudinal rows of cells 
which develop at the nodes from the basal cells of the 
lateral axes. A corresponding construction is found 
among other Thallophyta in certain Brown Algae {e,g. 

JSpermatochnus), 

Each cell contains one normal nucleus derived 
from a karyokinetic division. As a result of 
the fragmentation of its original nucleus, how- 
ever, each internodal cell is provided with a 
number of nuclei which lie embedded in an 
inner and actively -moving layer of parietal 
protoplasm. Numerous round chloroplasts are 
found in the internodal cells. 

Asexual reproduction by means of swarm- 
spores or other spores is unrepresented in the 
Characeae. Sexual reproduction, on the other 
hand, is provided for by the production of egg- 
cells and spermatozoids. The female organs are 
ovate. They are visible to the naked eye, and, 
like the spherical red-coloured antheridia, are 
inserted on the nodes of the lateral axes. With 
the exception of a few dioecious species, the^, 

Characeae are monoecious. The fertilised egg- 
cell develops into an oospore. The Characeae thus exhibit no altera- 
tion of generations but a succession of gametophytes. 

The male organs (Fig. 362 A) are developed from a mother cell 
that first becomes divided into eight cells. Each octant by two 
tangential walls gives rise to three cells. In this way are derived the 
eight external tabular cells of the wall, the cavities of which are in- 
completely partitioned by. septa extending in from the cell wall ; the 
eight middle cells form the manubria and become elongated ; the eight 
innermost cells assume a spherical form as the primary head cells. 
Owing to the rapid surface growth of the eight shield cells a cavity 
is formed within the male organ into which the manubria bearing the 



Pig. 361. — Charafragilis. End 
of main skoot. (Nat. size.) 
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head cells project. The latter form 3-6 secondar}^ head cells, and from 
each of these arise 3-5 long unbranched spermatogenous filaments. 
These are composed of disc-shaped cells from each of which a spirally- 



Fio. 2Q2.---’Chara fragilis. A, Median longitudinal section through a lateral axis r, and the sexual 
organs which it hears (x 00); a, aiithericliiim borne on the basal nodal cell na, hy the stalk 
cell p ; Oil, manubrium ; oh, an oogonium ; no, nodal cell ; po, the stalk cell ; v, pivotal cell 
(WendungszeUe) ; e, the crown, li, A lateral axis ( x 6); a, anthoridium ; o, oogonium. C, 
Spermatozoid ; Ic, nucleus ; cl, cilia; c, cytoplasm (x 540). (After Strasburoer.) 

be grouped together in sori. The male organ of the Characeae, which 
as a whole is commonly spoken of as an antheridiiim, thus contains 
eight groups of endogenously-formed antheridia and should on this 
account be termed an antheridiophore. 

The female organ (Fig. 362 ob) consists of an oogonium which 
contains a single egg-cell with numerous oil-drops and starch grains. 
To begin with, the oogonium projects freely^ but later becomes sur- 
rounded by five spirally-wound cells. These cells end in the corona, 
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lietw'een the cells of which the spermatozoids make their way in 
fertilisation. At the base of the oogonium there are small cells 
( JVendun(j$p:ellm) cut off from the oogonial rudiment ; in Ohara there 
is one, in Nitella three such cells. These divisions correspond to the 
first divisions in the mother. cell of the male organ. The female organ 
may thus be regarded as an oogoniopbore reduced to a single 
oogonium. 

The egg', after fertilisation, now converted into an oospore, becomes invested 
with a thick colourless wall. The inner walls of the tubes become thickened^ 
and ciicrnsted with a deposit of calcium carbonate, while the external walls of 
the tubes, soon after the fruit has been shed, become disintegrated. 

In the germination of the oospore the nucleus, according to Oehlkers and 
Ernst, divides into four, the first division being lieterolypic. Tlie enlargement 
of the zygote opens the membrane at its summit. While three nuclei remain in 
the ventral portion of the xygote and there degenerate, tlie fourth nucleus enlarges 
and passes into the apical protrusion, which is then cut off by a cell wall. From 
this cell by further divisions a simple filamentous young plant consisting of a 
number of segments is produced. ' From the first node of this plant rhizoids are 
developed, while at the second some simple lateral axes arise as well as one or more 
main axes. By the further growth and branching of the latter the adult plant 
develops. The diploid stage in the Characeae is thus limited to the oospore, the 
plant itself being throughout haploid. 

The behaviour of Charcv crinita is remarkable. According to Ernst the 
haploid male and female individuals of this dioecious species only occur occasionally ; 
their cells have twelve chromosomes. Diploid female plants with twentyffour 
chromosomes ax*e, on the other hand, widely spread. These, which appear to have 
arisen by the crossing of Ghara crinita with other species, are propagated 
apogamously by means of diploid egg«cells. This is therefore an example of 
apogamy and not, as was j^revionsly assumed, of parthenogenetic development of 
haploid egg-cells 

The formation of tuber-like bodies (bulbils, starch-stars) on the lower part of 
the axes is characteristic of some species of the Characeae. These tubers, which 
are densely filled with starch and serve as hibernating organs of vegetative 
reproduction, are either modified nodes with much-shortened branch whorls {e.g. in 
Tolypellopsis sUlUgem, when they are star-shaped), or correspond to modified 
rhizoids {e.g. the spherical white bulbils of Ohara asperpb). 


Class XII 

Rhodophyeeae (Red Algae) 

The Ehodophyceae or Florideae constitute an independent group 
of the higher Algae, the phylogenetic origin of which is perhaps to 
be sought among the higher Green Algae, but they also exhibit 
connections with the Brown Algae, They are almost exclusively 
marine, and specially characterise the lowest algal region on the 
coasts of all oceans. A few genera (e.g. Batrachospermum, Lemanea) 
grow in fresh-water streams. , , 
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The tliallus of the Eed Algae exhibits a great variety of forms. 
The simplest forms are represented by branched filaments consist- 
ing of single rows of cells {e.g. Gallithamnion), In other cases the 
branched filamentous thalhis appears multicellular in cross-section. 
In many other forms the thallus is flattened and ribbon- like [e.g. 
Chondrus criqyiis, Fig. 363 ; Gigartina mamillosa, Fig. 364) ; wliiie 
in other species it consists of expanded cell surfaces attached to a 
substratum. All the Florideae are attached at the base by means 
of rhizoidal filaments or discoid holdfasts. One of the more com- 



Fig. ^6B,-^Chond>rvs crispus. (.| mat. sij^e.) 


plicated forms is Delesseria (Hydrolapathum) sanguinea (Fig. 88), which 
occurs on the coasts of the Atlantic. The leaf-like thallus which 
springs from an attaching disc is provided with mid-ribs and lateral 
ribs. In the autumn the wing-like expansions of the thallus 'are 
lost, but the main ribs persist and give rise to new leaf-like branches 
in the succeeding spring. The thalli of the Corallinaceae, which 
have the form of branch -systems or of flattened or tuberculate 
incrustations, are especially characterised by their coral-like appearance, 
owing to the large amount of calcium carbonate deposited in their cell 
walls. The calcareous Florideae are chiefly found on coasts exposed 
to a strong surf, especially in the tropics. 
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The Rhodophyceae are usually red or violet ; sometimes, however, 
they have a dark purple or reddish-brown colour. Their ehromato- 
phores, which are fiat, discoid, oval, or irregular-shaped bodies and 
closely crowded together in large numbers in the cells, contain a red 
pigment, PHYCOEIOTHRIN, and in some cases a blue pigment (phyco- 
CYAN) in addition. They are developed from colourless, spindle- 
shaped leucoplasts in the apical cells and germ cells. True starch is 
never formed as a product of assimilation, its place being taken by 
other substances, very frequently, for example, by Fioridean starch 
in the form of spherical stratified 
grains which stain red with iodine. 

Oil-drops also occur. The cells 
may contain one or several nuclei. 

Reproduction is effected either 
asexually by means of spores, or 
sexually by the fertilisation of 
female organs by male cells. 

The asexual spokes are of two kinds. 

In the first case they are non-motile, 
have no cilia, and are simply naked 
spherical cells. They are produced, 
usually, in groups of four, by the division 
of a mother cell or sporangium. The 
sporangia themselves are nearly spherical 
or oval bodies seated on the thalloid 
filaments or embedded in the tballus. 

The spores escape by a transverse rup- 
ture of the wall of the sporangium. In 
consequence of their usual formation 
in fours, the spores of the Florideae 
are termed tetkaspokes (Fig. 365). 

They are analogous to the swarm-spores of other Algae ; similar spores are found 
also in the Diotyotaceae among the Brown Algae. The tetrasporangium as a rule 
has to begin with a single nucleus, which divides to give rise to the nuclei of the 
four spores. In some cases {Martensia^ Nitoiihyllum), however, they are to begin 
with niultinucleate, but all the nuclei except one degenerate. The monosporangia 
of the Reiaalionaceae, which liberate only a single spore, and the polysporangia of 
the Ceramiaceae, which form a number, are equivalent to the tetrasporaiigia. 

The second form of asexual spore in the Red Algae is represented by the 
CAjipospoKES (cf. !>. 424), which are liberated singly from terminal carposporangia 
as spherical and, to begin with, naked, non-ciliate protoplasts, and thus resemble 
the moiiospores. 

In the construction of the sexual organs, particularly the female, the Rhodo- 
phyceae differ widely from the other Algae. . Batrachospcrmum moniliforme^ a 
fresh-water form, may serve as an example to illustrate the mode of their 
formation. This Alga possesses a brownish thallus, enveloped in mucilage, and 
consisting of verticillately- branched filaments. The sexual organs appear on the 
branching whorls seated on closely-crowded, short, radiating branches. 

The antheridia, also known as spermatangia (Fig. 366 A), are produced 

■ , ' ‘ , ■ 2 F2 



Fto. SGi.—Gigartina maw.iUom. s, Wart-sliaped 
cystocarps. (| nat. size,) 
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usually in pairs, at the ends of the radiating branches. Each antheridiuni 
consists of a single thin -walled cell, in which the whole of the protoplasm 
is consumed in the formation of one uninucleate speumatium ; in Batmcho- 
sp&rmum and Newulion the nucleus of the spermatium divides into two. The 
spermatia are nearly spherical, and are invested with a thin outer membrane 
or coll wall. They are n unlike the ciliated spermatozoids of the 

other Algae, and have therefore received a distinctive name. In consequence of 
their incapacity for independent movement, they must be carried passively by the 
water to the female organs, which are situated near the antheridia at the ends 
of other branches. The female organ is called a caPwPOGOXIum (Fig. 367), 
and consists of an elongated cell with a basal flask- shaped portion prolonged 
into a filament, termed the trichogyne. The basal portion contains the 
nucleus of the egg and the chromatophores, while the trichogyne functions 


Fig. 366. — Batfachospermim nionili- 
forme. Branches bearing antheridia. 
At a*, a free spermatium ; at a, 
another just escaping; at r, an 
empty aniheridinm. (x 540. After 
■ Strasbuuqer.) 


Fig. 305. — ChUitMmnioncoriimbosU7ii. A, Closed 
sporangium ; empty sporangium with 
four extruded tetraspores. (After TnUREt. ) 


as a receptive organ for the spermatia, one or two of which fuse with it, 
and the contents, escaping through the spermatium wall, pass into the carpo- 
gonium. The sperm nucleus passes down the trichogyne and fuses with the 
nucleus of the egg-eell. The fertilised egg, which becomes limited from the 
trichogyne by a wail, does not become converted directly into an oospore, but, 
as a result of fertilisation, numerous branching sporogenous filaments (gonimo- 
BLASTS) grow out from the sides of the ventral portion of the q^rpogonium. At the 
same time, by the development of outgrowths from cells at the base of the carpo- 
gonium an envelope is formed about the sporogenous filaments. The whole 
product of fertilisation, including the surrounding envelope, constitutes tlie 
fructification, and is termed a oystooarp. The profusely-branched sporogenous 
filaments become swollen at the tips and give rise to spherical, uninucleate spores 
known as carfospores, which are eventually set free from the envelope. In 
the case of Batrachospermum the carpospores produce a filamentous protonema, 
the terminal cells of which give rise to asexual unicellular spores. These spores 
serve only for the multiplication of the protonema. Ultimately, however, one 
of the lateral branches of the protonema develops into the sexually dilferentiated 
filamentous thallus. The production of spores by 'the protonema is analogous to 
the formation of tetraspores by other Florideae. 

’ The homologies underlying the variously-constTucted sexual organs of the Red 
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Algae can be recognised, according to K Svbdelius, wlieu tbeir development is 
taken into consideration and they are compared in the light of the first nuclear 
division in the rudiment. Tlie young carpogonium contains two nuclei, of which 
that belonging to the triciiogyiie later degenerates. (The uninucleate carpogonium 
of IkUmchospermiini is apparently an exception.) The trichogyne corresponds 
morphologically to the spermatangium, and its ventral portion to the basal or 
niotlier cell on whicli one oi^more spermatangia are situated. The trichogyne and 
egg-cell are only separated by a cell wall after fertilisation 

The formation of the antheridia as well as of the frequently very com- 
plicated cystocarps follows a variety of types in the Florideae. In all cases, 
liowever, according to Oltmanns, the carpospores are to be regarded as derived in 
tlioir development from the fertilised egg-cell. 

Dudresiiaya coccinea^ which is found on tlie warmer coasts of Europe, has a 



Fig. '667, — Batmchospermu'-ni moniliforme. A, Young carpogoniinn terminating a brancTi. B 
Bipe carpogonium; i, trichogyne. C, Stage after fertilisation by the spennatium (s), the egg, 

. cell 00 containing the two sexual nuclei. D, Gonimoblasts 07) and investing iilainents (h), A’, 
Some of the mature gonimoblasts with the carpospores (k ) ; the.se liavo emerged from /q and 
(A-D X 060, Bxl'IO. After H, Kylin.) 

branched, cylindrical thallus and will serve as an example of the more complicated, 
mode of origin of the spore -bearing generation (Fig, 368). The carpogonial 
branches con.sist of about seven cells, the terminal one bearing a very long 
trichogyne. After fertilisation the carpogonial cell grows out into a filament, 
which elongates and becomes branched. This filament fuses with a number of 
special cells, characterised by their abundant contents, the atjxiliaey cells. The 
first of these lie in the carpogonial branch itself, the others in adjoining lateral 
branches. All the nuclei of the sporogenous filament are derived by division from 
that of the fertilised egg-cell. The successive fusions with auxiliary cells do not 
involve nuclear fusions, but simply serve to nourish the sporogenous filament. A 
second and third sporogenous filament may arise from the carpogonial cell. Two out- 
growths now arise from each of the swollen cells of the sporogenous filament 
whicli fused with auxiliary ceils. By further division of these outgrowths the spherical 
masse, s of carpospores, wliicli subsequently become free, are derived. 

In all lied Algae, as has been seen above, two generations can be distinguished, 
the- GAMETOPHYTE, wliich produces the egg -cells and the spermatia, and the 
SFOKOPHYTE, wMch proceeds from the fertilised egg and produces the carpospores 
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asexually. The two differ from one another in form, the gametophyte being an 



Fkj. B6S.~Diulresnayatioccined: A, Carpogonial braucli ; e, carj)ogoniuin ; trichogyne. B, Carpo- 
goiiiam after fertilisation, growniout into the sporogenous lilameiit (sj). C, Pension of the 
sporogenous tiiament with the first auxiliary cell (a^). D, Branching of the filament and fusion 
with six auxiliary cells (ai-ag) ; the cells are borne on branches originating from the axis 
Jm (diagrammatic). E, Ripe cluster of carpospores originating from one branch. (A-D after 
Oltmanns ; E after Bornet. A-G x about 500 ; B x 250 ; i? x 300.) 

independent plant, while the sporophyte is morphologically more primitive and is 
dependent in its nutrition and development upon the sexual plant. 
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The spores produced in the tetrasporangia (or in the corresponding niono- 
sporangia or pGlysporangia) represent a second form of asexual spore, by means of 
which an increase in numbers of the sexual plants is etieeted. They ma}’ he 
entirely wanting in some cases 

In certain genera these sporangia occur only on the sexual plant itself. In the 
majority of genera, on the other hand, plants are developed from the carpospores 
which bear tetraspores only, and from these tetraspores the, usually dioecious, 
sexual plants arise. The life -history then includes the three generations, 
gameto])hyte, carposporophyte, and tetrasporo^hyte. A purely asexual generation 
morphologically resembling the sexual generation has here been secondarily derived 
from the latter. In some Red Algae with such a life-history a further complication 
is introduced by the gametophyte bearing tetraspores, or equivalent monospores, 
which again produce gametopliytes. 

The behaviour of the nuclei and their reduction division has been investigated 
in a small number of species and has revealed noteworthy differences in the distri- 
bution of the haploid and diploid phases among the generations 

In Scinaia the reduction division, according to Svedelius, takes place in the 
first division of the fertilised egg, so that this only is diploid while the carpo- 
sporophyte, the carpospores, and the gametophyte proceeding from the latter 
are all haploid. The gametophyte here reproduces itself asexually by haploid 
monospores in place of tetraspores, which are wanting. Nemalion, according to 
Kyltn, behaves similarly but has neither tetraspores nor monospores on the 
gametophyte. 

It may be anticipated that in all Red Algae wdth this simple alternation of 
generations the reduction division ■will follow the Scinaia type, which can be 
regarded as the most primitive. 

In those Red Algae in which three generations occur in the life-history the 
reduction division is relegated to the tetrasporangium, so that the gametophyte 
proceeding from the tetraspores is haploid, while the carposporophyte, the 
carpospores, and the tetrasporophyte developed from the latter constitute the 
diploid phase. Polysiplionia, Griffithia, Delesseria^ Nitophylhim, and Mhodomela 
are known to behave in this way. If in such cases asexual spore-formation takes 
place on the gametophyte this does hot involve a reduction division. According to 
Svedelius the gametophyte of Nitopliyllum punctatiim is an exampfie of this ; it 
bears monospores in addition to the sexual organs. These monosporangia correspond 
to the tetrasporangia of the tetrasporophyte, are at first niultinucleate, but all 
the nuclei except one degenerate. They produce, without any reduction, a single, 
hapiloid monospore. 

IlarvAyella mirahilis one of the Florideae occurring in the ISTorth Sea, is of 
sp)ecial interest. It growls as a parasite on another red seaweed, Rhodomela sub- 
fusca, on wliich it appears in the form of a small 'white cushion-like growth. 
As a result of its 2 )arasitic mode of life the formation of chromatophores has been 
entirely sii})pressed, and thus this plant behaves like a true fungus. 

Economic Uses. — Gigartina onamillosa (Fig. 364), w-ith peg -like cystocarps 
2-5 mm. in length, and Ghondrm crispus (Fig. 363), with oval cystocarps about 
2 mm. long, sunk in the thallus and tetraspores in groups on the terminal segments 
of the thallus. Both forms occur in the North Sea as pmrplish-red or purplish- 
brown Algae ; when dried they have a light yellow colour, and furnish the official 
CARRAGHEEN, ‘‘Irish Moss,” used in the preparation of jelly. Agar-agar, which 
is used for a similar purpose, is obtained from various Florideae ; Sphaeroooccus 
{Graeilaria) lichenoides supplies the Agar of Ceylon (also called Fucus amylaceus), 
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Eiiclieuma s^niiosum the Agar of Ja\'a and Aladagascar, Gelidhim oor-nmrii and 
(r. cat'Ulagineum, the Agar of Japan. 

Class XIII 

Phycomyeetes 

In the structure both of their thallus and sexual organs the Phyconiycetes exhibit 
a close connection with the Siphoneae. The phylogenetic origin of most of the 
Phyconiycetes is probably to be sought in this group, though certain forms point 
to a relationship with other Green Algae {e.g. Basidiololus with the Oonjugatae, 
and the Chytridiaceae with Protococcales and Flagellata). They can only for the 
present be regarded as a delinite class, pending their separation into several series 
derived from distinct classes of Algae. 

In the simplest cases, as in the Chytridiaceae, the thallus consists 
of a single cell which in its young stages is a naked protoplast. 
In the higher forms the thallns consists of extensively -branched 
tubular threads in which, as is the case in Vaucheria, transverse septa 
only form in connection with the reproductive organs. The con- 
tinuous protoplasmic mass contains numbers of very small nuclei, but 
chromatophores are entirely wanting in these colourless organisms. 
The whole thallus of a fungus is spoken of as the mycelium, the 
individual filaments as hyphae. In the Phycomycetes the hyphae 
aTe non-septate, their division into distinct cells only taking place 
in a few cases. The plants are either saprophytes occurring on the 
putrefying remains of animals or plants in water or on decaying 
organic substances exposed to air, or they live parasitically in the 
tissues of higher plants or of insects. 

Asexual reproduction is effected by means of spores. These are 
formed in the majority of the genera within sporangia; the protoplasm 
of which splits into the numerous spores. The latter escape in the 
genera which live in water as ciliated swarm-spores (Fig. 371) ; in the 
forms which are exposed to the air the spores are enclosed by a cell 
wall (Fig. 377). The conidia, which are sometimes found together 
with sporangia, in other cases alone, are also adapted for dispersal in 
air. They arise by a process of budding and abstriction from the ends 
of certain • hyphae which are usually raised above the substratum as 
special conidiophores. 

The sexual organs of the Phycomycetes are in many ways 
peculiar, and the two groups of the Oomycetes and the Zygomycetes 
are distinguished according to their . nature. In the Oomycetes, 
which stand nearest to the Siphoneae, oogonia and antheridia are 
found ; the contents of the latter enter the oogonium by means of a 
tubular outgrowth, and after fertilisation oospores are formed. In 
Monohlepliaris alone free sperinatozoids are found. The sexual 
organs of the Zygomycetes are alike, and on conjugation a zygospore 
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is produced. They are usually multinucleate, and thus are morpho- 
logically eoiTiparable to a whole gametangiuiii of an isogamous Alga. 
In the Archimycetes sexual organs haye been observed in a few 


cases only in the form of antlieridia and 


of equivalent 



Ivlulti nucleate gainetangia, oogonia, and antheridia, which fuse 
directly with one another, without the separation and escape of the 
individual gametes, are generally termed coenogametes. 

Order 1. Archimycetes 

The Chytridiaceae which belong here are microscopically small Fungi parasitic 
on aquatic or land plants and in some cases on animals. The iion-septate mycelium 
is feebly developed, and is 

frequently reduced to a single \\ 

sac-sliaped cell inhabiting a 
cell of the host. Asexual 
nuiltiplication is elfected by 
means of SAvarin- spores pro- 
vided with one or two cilia 
which enter the cells of the 
host plant and at first have 
no cell wall. A cell wall is 
then formed and the parasite 
becomes transformed into a 
multinucleate sporangium 
which liberates numerous uni- 
nucleate swarm -spores by 
means of a beak -like pro- 
■ j ection. Thick - walled spor- 
angia which only produce 
swarm -spores after a period 

of rest are also developed. The life -history of Olpidium Brassioae (Fig. 369), 
which lives as a parasite in the stems of young Cabbage plants and causes their 
death, is of this type. Syncliytrium {Ghrysophhjctis) endohioticim^ the cause of 
the wart disease of the Potato, has recently become widespread in Europe. It 
gives rise to warty outgrowths on the .stems and tubers ; these later break down 
and decay. In summer it forms from the protoplast a sorus of 2-5 si)herica], 
thin- walled sporangia without beak-like projections, and also especially for the 
winter rest, thick-walled, yellow, resting sporangia. These are at first uninucleate, , 
hut on germinating in the moist soil form numerous uniciliate swarm -spores 
which can enter the cells of the Potato. 

Sexual reproduction as a preliminary to the formation of resting sporangia is 
only known with certainty for a few forms. In Olpidium- Viciae^ which is 
parasitic on Vida unijuga, the uniciliate swarm-spores are in part asexual, pro- 
ducing zoosporaiigia again a few days after entering a cell of the host. In part, 
however, they behave as planogametes and conjugate in pairs to form naked 
zygotes provided with two cilia. The zygote settles on the host plant, surrounds 
itself with a cell wall and passes its protoplast into the epidermal cell. Within 
this the zygote develops into a resting sporangium, in w^hich the delayed fusion of 
the sexual nuclei takes place ; from this, numerous zoospores are developed. 


Eio. B69.—0lpidvim Brassicae, J, Three zoosporangia, the 
contents of one of which has escaped (x 160). B, Zoo- 
spores (x 620). C, Resting sporangia (x 520). (After 

WORONIN.) 
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In Olpicli apsis j which is parasitic in tlie hypliae of Srqirokpma, the method of 
conjugation is dilferent and more like that of the higlicr Pliycomycetes. Larger 
female and smaller male protoplasts lie side by side in the host cells, wdiere they 
grow, become nmltinncleate, and surround themselves with cell walls. The 
contents of the male cell now pass into the female cell, wdiich becomes a thick- 
wallcd oospore. The nuclei a2)pear to fuse in pairs. The further fate of this 
oospore is not knowm. OVpidiofsis also multiplies by biciliate zoospores formed 
in sporangia. 

in other genera no sexuality has yet been demonstrated and no conjugation 
precedes the development of the resting sporangia. 

Order 2. Oomycetes 

1. Onl;y in the small primitive family of the Mouoblepharideae are free 
ciliated spermatozoids liberated from the antheridia. In the other Oora^^cetes the 



FiCt. 370. — Mondblepliaris sphaerica. End of filament witli terminal oogonitim (o) and an antheridium 
a). 7, Before the formation of the egg-cells and sijeruiatozoids. 'Ji, Sperniafcozoids (s) escaping 
and approaching the opening of the oogonium. 5,, os^j, ripe oospore, and an empty antheridium. 
(X 800. After CoHNtr.) 

multinucleate contents of the antheridium do not divide into separate spermatozoids. 

The species of ManabUphwns live in water upon decaying remains of plants. 
Asexual reproduction is effected by means of uniciliate swarm-spores, formed in 
large numbers in sporangia. The oogonium, which is usually terminal, contains 
only a single egg-cell (Fig. 370). The antheridia, which resemble the sporangia, 
liberate a number of uniciliate spermatozoids. On a spermatozoid reaching the 
egg-cell through an opening in the tip of the oogonium an oospore is formed. 
A spinous cell ^vall forms aroiiud the oospore. 

2. The Saprolegniaceae which connect on to the preceding family, live like 
them saprophytically on the surface of decaying plants and insects and even on 
living fishes. Asexual propagation is effected by club-shaped sporangia (Fig. 371) 
which produce numerous biciliate swarm-spores. In Saprolegnia these swarm-spores 
with terminal cilia withdraw the latter and become surrouifded with a spherical 
wall; shortly afterwards, the contents again escape as "beau-shaped zoospores 
with the cilia inserted laterally. The sexual organs develop on older branches of 
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the iiiyceliiuii (Figs. 372, 373). The oogouia give rise to a larger (as many as 50) 
or smaller n umber of egg-cel is, rarely only to a single one. At first the oogoniiim 
contains uiimeroiis nuclei, most of which, liowever, degenerate ; the remaining 
nuclei divide once mitotically into daughter nuclei, of which some again degenerate, 
while the oospheres hecoine delimited around the remaining nuclei. The egg-cells 
are always uninucleate. The tubular antheridia, with a iiumberof nuclei th 
one mitotic division, ajjply them- 
selves to the oogonia and send 
fertilising tubes to the egg-cells. 

One male nucleus enters the egg- : ' 

coll and fuses with its nucleus. 

The oospore after fertilisation 
acquires a thick wall. The re- 
duction division takes place on 
the germination of the oospore. 

In some forms belonging to this 


Fi<f. 37 L — Saprolegnia miaia. Tlie 
biciliate Mospores, 6-2 are escaping , 
from tlie sporangium. (After G. 
Klebs.) 


Fic. S7'2.~Saprolcgnia mixta. Hypliae bearing the 
sexual organs : a, antlieridiuin whicli has sent 
a fertilisation tube into the oogonium ; oh 
egg-eell ; o% oospore enclosed in a cell wall ; op, 
parthogenetic oospores; g, young oogonium. 
(After G. Klees.) 


family, and also in some Perohosporeae, the formation of antheridia is occasionally 
or constantly suppressed ; the oospores develop parthonogenetically without being 
fertilised (Fig. 372 op). 

3. The Peronosporeae {■>^*) are parasitic fungi whose mycelium penetrates the 
tissues of tlie higher plants. In dami> climates cei’tain species occasion epidemic 
diseases in cultivated plants. (Thus, the mycelium of Phytophthom wfeskms, the 
fungus which causes the Potato disea.se, lives in the intercellular spaces of the 
leaves and tubers of the Potato plant, and by penetrating the cells with its short 
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iiaustoria leads to the discoloration and death of the foliage and tubers. Sexual 
reproductive orgaiis have not as yet been observed in this species on the Potcato 
plant but have been produced when the fungus is cultivated on certain media. 
Asexual, oval sporangia are formed on long branching sporangiopliores which grow 
out of the stomata, particularly from 
those on the under side of the leaves 
(Fig. 374), and appear to the naked 
eye as a white mould. The sporangia, 
at first terminal, are cut ofi* by trans- 
verse walls from the ends of the branches 
of the sporangiophore, by the subse- 
quent growth of which they become 
pushed to one side, and so appear to 
he inserted laterally. Before any 
division of their contents has taken 
place, the sporangia (i?) fall off and 
are disseminated by the wind ; in 
this way the e])idemic becomes wide- 
spread. The development of swarm- 
spores in sporangia is effected only in 
water, and is consequently possible 
only in wet weather. In this process 
the contents of the sporangium divide 
into several hiciliate swarm -spores 




Fra. 37S. — Aofilya polyandra. Tlie fertilisation 
of two egg-cells, o, of an oogonium by two 
tubes from the antlieridium, a ; eTc^ nucleus 
of the egg-cell ; sk, sperm-nucleus ; in 02 
the section lias not passed through the egg- 
nucleus, (After Tkow.) 


Fto. 374.— A, Surface view of the epidermis of a 
potato leaf, with sporangiojihores of Phyto- 
pMh&ra in/estans projecting iroin the stomata 
( X 90) ; B, a ripe sporangium ; C, another 
in process of division ; D, a swarm - spore. 
(B-D X 540. After STRASBunaEii.) 


(<7, D). Each of th,ese spores, after escaping from the sporangium, gives rise to a 
mycelium, which penetrates the tissues of a leaf. The sporangium may also ger- 
minate directly without undergoing division and forming swarm-spores. A similar 
transformation of sporangia into conidia is also found in other Peronosporeae as a 
result of their transition' from an aquatic to a terrestrial mode of life. 

Plasmo'paT'a mticola, an extremely destructive parasite, also produces copiously- 
branched sporangiophores and occasions the “False Mildew ” of the leaves and fruit 
of the Grape-vine, Albugo ca'ndida [ ^Cysiopus candidus), another very common 
species, occurs on Criiciferae, in particular on Oapsella bursa pastoris^ causing 
white swellings on the stems... In this species the sporangia are formed in, long 
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chains on the branches of the niycelinm under the epiderrais of the host plant, 
and produce in water numerous swarm-spores. 

Tile sexual organs of the Peronosporeae resemble those of the genus Vaucheria 
(Fig. 8hS}. They arise witiun the liost plant— the oogonia as spherical swtdlings 
of tlio ends of certain liypliae, the antheridia as tube -like outgrowths arising as 
a rule just below the oogonia. Both are cut olf by transverse walls and are multi- 
nucleate (Fig. 375). The several species exhibit interesting differences as regards 
the nuclear changes. In Peronospord parasUica, Albugo Candida^ and A. Lepigoni, 
Pgthium^ Plrmno'jwm,^ and Sderospora^ a single la.rge central egg-cell or oosphere 
becomes differentiated in the protoplasm of the oogonium ; *this contains a 
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Fio. 375.— Fertilisation of tlie reroiiosporeae. Perono- 

spora parasitica. Young mnltinucleate oogonium (oy) 
and antlieridiinn (aa). Alhuyo Candida. Oogonimn 
with the central 11 rhuu cl cate oospliere and the fertilis- 
ing tube (a) of the antheridium which introduces the 
male nucleus. S, The same. Fertilised egg-cell (o) 
surrounded by the periplasm (p). (x tidO. After 
Wager.) 



Fun 376. — lihizopus inyrkoun^ (= 
Mucor stolonifer). Portion of the 
mycelium with three sx>orangia; 
that to the right is shedding its 
spores and shows the persistent 
hemispherical columella, (x 38.) 


single nucleus in a central position, while the remaining nuclei pass into the 
peripheral layer of protoplasm (periplasm). The antheridium now sends a process 
into the oogonium, which at its apex opens into the oosphere- and allows a single 
male nucleus to pass into the latter. The oosphere then becomes surrounded with 
a cell wall, and nuclear fusion takes place, while the periplasm is utilised in form- 
ing the outer membrane of the spore (episporium). In Peronospora parasitica the 
ripe oospore has a single nucleus, in Albugo it becomes mnltinucleate as a result 
of nuclear division. In Albugo Bliti and A. portulacae there is also a central 
oosphere surrounded by periplasm, but the oosphere contains numerous nuclei, 
Avhich fuse in pairs with a number of male nuclei entering from the antheridium. 
A mnltinucleate oospore thus arises from the compound egg-cell. The behaviour 
of these two species can be regarded as primitive,, the uninucleate oospheres of 
^ ,■ b, ; ' ■ : ' ■; 2 1 . 
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the iirst-imined forms having IxM.m derived from, i\w. mnltirnicloato condition. 
Alhugo frmppoffonis occupies an intermediate 'position in that its oostplxTo is at 
Brst multiniiclcate, Tmi; later contains only one female, nnejens, the others having 
degenerated. The siiperlluoiis nuclei in tlie oogmaa and aiitheriilia may he 
regarded as tlie niiolei of gametes which have bt'come funetioiiless, and are com- 
parable with the su])i.‘rflnous egg-nuclei of eortain Fiic.-icisie. The oospores either 
produce a myctdi urn directly or give rise tu swariii -spores. The nuclei in tlie 
oospore are diploid; their first division, which may occur Ijefore germination, is 
the reduction division. 

Order 3. Zygomycetes 

1. The Mucorineae com}ms«3 a number of the mo,*;*, (‘ominon Mould Fungi. 
They are terrestrial and saprophytic, and are found chielly on <lecaying vegetable 
and animal substances. Asexual reprosluction is eifecttHl by non-motile, wadled 
spores, which cither have the form of conidia or arise enflogenously in sporangia. 


.7? 



Pic. 377.— ilfa<!or MwMn, A sporangium in oj»tieai longinniinul S!*ctiou ; c, eolumolla ; m, wall 
of sporangium ; sp, spores. Mveor mndlaaineuf}, A spnrangiuiu slunhling its spores; the 
wall (m) is ruptured, ami the nmcilagiuons substance (z) beiwcHu the .sp«>res is greatly swollen. 
(1 X ‘i25, 2 X 3fi0, from V. Tavkl, jPihe. After iJitKecuii.) 

Sexual reproduction consists in the formation of uygospores, as a result of tlie con- 
jugation of two equivalent coenogametes. 

One of the most widely distributed species is M%lcot Mumlo, frequently found 
forming white fur-like growths of mould on damp bread, pi'cscrvod fruits, dung, 
etc. Mucot stolonifer { = Iihizo2ms with a brown mycelium, occurs 011 

similar substrata. The spherical sporangia are l>orne on the cmds of thick, erect 
branches of the mycelium (Fig. 376). From the apex of each sporangiophore a 
single spherical sporangium is cut olf by a transverse w'all, wliioh protrudes into 
the cavity of the sporangium and forms a columella (Fig. 377). The contents 
of the sporangium become divided by repeated cleava,ges into numerous sj)ores. 
These escape by the swelling of a substance wdiich lies lictween tlie s]x)res and the 
bursting of the sporangial wall. In JHloholus^ wliicli occurs commonly on dung, 
the sporangium is forcibly cast off from the turgid sporangiophore which bursts at 
the columella (ef, pp, 349, 350). According to Haupkh the spores of Filoholus are 
binucleate, while those of S’j^orodinm (Fig. 378) are multinucleatc. 

Under certain conditions, instead of asexual sporangia, organs of sexual repro- 
duction are produced. The hyphae of the mycelium then give rise to lateral, club- 
shaped branches. When the tips of two sucdi branches conu.^ into contact, a 
conjugating cell or coenogamete is cut off from each by a transverse wall (Fig. 379). 
The two gametes thereupon coalesce,; and fuse into a /.YGOsnoiM.:, tlie outer wall of 
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wliicli is covered with warty protuberances.- As regards the behaviour of tlie nuclei in 
the process of conjugation, only a few facts are known. In SporocUnia^ Plujcoiniiccs, 
and otlier genera the sexual nuclei in the zygosjiore fuse in pairs. After a period of 
rest the zygospore germinates, developing a germ-tube, which may at once bear a 
sporangium (Fig. 379,5). The reduction division in Fhycomyces takes accord- 
ing to Bukgeff, ill the young sporangium formed on the germ-tube of the zygo- 
spore. 

BlaivEslef/s demonstration of the dioecious (heterothallic) nature of the 
mycelium of most Mucorineae, for ex&m-gle Ifiicar Ilucedo a.nd JULizo2?us nigricmis, is 
of great interest. The formation of zygo- 
spores only takes place when male and 
female mycelia come in contact. In other 
Mucorineae (honiothallic, e.g. S’poroMnia 
gTancUs) the two conjugating gametes may 
arise on the same mycelium. Exception- 
ally in heterothallic species, such as Phyco- 
mijces niiens^ a lioniothallio,. mycelium may 
appear or a neutral mycelium which forms 
sporangia only 

Within the group of the Zygomycetes 
a reduction of sexuality can be seen. Thus, 
in the case of certain Mucorineae, although 
the conjugating hyphae meet in pairs, no 
fusion takes place, and their terminal cells 
become converted directly into spores, 
which are termed azygospores. In other 
forms, again, hypliae-producing azygospores are developed, but remain solitary, 
and do not, as in the preceding case, come into contact with similar hyphae. 
There are also many species in which the formation of zygospores is infrequent. 

Both the size and number of spores produced in the sporangia of Mucor Mucedo 
are subject to variation. The sporangia of the genus Thamnidiwm are, on the other 
hand, regularly dimorpliic, and a large sporangium containing many spores is formed 
at the end of the main axis of the sporangiophore, while numerous small sporangia, 
having but few spores (sporangioles), are produced by its verticillately branching 
lateral axes. The sporangia may at times develop only a single spore, as the 
result of certain conditions of food-supply, and in this way assume the character of 
couidia. This dimorphism is even more complete in the tropical genus Ghodnephora, 
In this case, in addition to large sporangia, conidia are produced on special coni- 
diophores. There are, finally, Zygomycetes {e,g, Ghaetocladiujn) whose only 
asexual spores are conidia. In this one group, therefore, all transitional forms, 
from many-spored sporangia to unicellular couidia, are represented, 

Phizopus nigricans has a poisonous substance in its cell sap which has fatal 
effects on animals 

2. The Entomophthorineae is a small group of fungi which mostly live 
parasitically in the bodies of insects and caterpillars. The multiniioleate mycelium 
remains non-septate or later becomes divided into cells. Asexual multiplication is 
effected by means of conidia’ which contain one or numerous nuclei. These arise 
singl}^ at the ends of branches of the mycelium and whenrxi>e are forcibly abjected. 
Sexual reiu’oduction is by means of zygospores, in. place of which azygospores 
frequently arise. 

The best-known example is Empusa muscae (Fig. 380), which is parasitic on 
house-flies. The conidia, which are multinucleate, form a white halo around the 



Pig. 378 . — Sporodi nia gmndis. Median section 
of a ripe sporangium. The spores are 
multinucleate. ( x 425, After Harper.) 
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body of tile dead fly which has been killed by the iiingns. This is particularly 
well seen wlicn the dead fly is adhering to the gla,ss of a window. 



Fig. 3Tf *. — Mucor M'ucedo. Different stafi'es in the 
formation and gerinination of the zygospore, 
i, Two conjugating branches in contact; 2, 
septation of the conjugating cells (a) from the 
siispensors (&); more advanced stage, the 
conjugating cells («) are still distinct from one 
another : the warty thickenings of their walla 
have commenced to form ; 4, ripe zygospore (h) 
between the suspensors (ft); 5, germinating 
zygospore with a germ-tube bearing a sporan- 
gium. (14 X 235, 5 X circa 60, from v. Tavel, 
After Brefeld.) 


3. Basidiobolacea6(^^). — 
Basidiohohis ‘mnarmn, a sapro- 
phytic fungus growing on the 
excrement of Frogs, must be 
separated from the preceding 
group. Each of the cells of its 
septate mycelium contains one 
large nucl eus. T h e conidi a, which 
arise singly on the ends of the 
conidi opiiores and are abjected 
when ripe, are uninucleate. The 
mode of origin of the zj'-gospores 
is peculiar. Two adjoining cells 



Fiti. 3HQ.’~~Emq?umvni)iC(ie, 4, IJypha 
from the body of a fly. B, Young 
conidiophore arising from the 
inyeelinm and projecting from the 
body of the insect. <7, Formation 
of the conidium into which the 
numerous nuclei have passed from 
the conidiophore. (x 450. After 
Olive.) 


conjugate after they have put out beak-shaped processes which are cut off as 
transitory cells. In the zygospore the two sexual nuclei give rise to four, of which 
two disorganise while the other two fuse. Both in this procedure and in the 
nuclear structure there are evident resemblances to the Conjugatae. 

Glass XIV 

Eumyeetes ('■ 

When the Phy corny cetes are excluded there remain two great 
groups of Fungi, the Ascomycetes and the Basidiomy cetes, regarding 
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the classification and phyiogenj of which there is still much un- 
certainty. The attempt has been made to derive them from the 
Ph}X‘Oiiiycetcs. Not only is the construction of the thaiius against 
thisj but the structure of the sexual organs and the development of 
the fruit in the Ascomycetes indicate on the other hand a connection 
with the Eed Algae. The Uredineae or Eusts, one of the simplest 
orders of Basidiomycetes, appear to connect the latter group with 
the Ascomycetes. 

The saprophytic or parasitic thallus of the Eumycetes is, like that 
of the Phycomycetes, composed of fine, richly-branched filaments or 
liyphae which together form the mycelium (Fig. fi6). The hyphae are, 
however, in this case septate, consisting of rows of cells. The cell 
membrane, which contains^ chitin, is usually thin. In the colourless 
protoplasm there are usually numerous minute nuclei (Fig. 6), 
while in other cases each cell has a pair of nuclei or only a single 
nucleus. Ohromatopliores are wanting and true starch *is never 
formed ; the place of the latter is taken by glycogen, often in con- 
siderable quantity, and by fat-globules. The hyphae of a mycelium are, 
as a rule, either isolated or only loosely interwoven; they spread 
through the substratum in all directions in their search for organic 
nourishment. In many of the higher Fungi, however, the profusely- 
branching hyphae form compact masses of tissue. Where the fila- 
ments in such cases are in intimate contact and divided into short 
cells, an apparently parenchymatous tissue or PSECJDO-PAREisraHYMA 
is produced. Such compact masses of hyphal tissue are formed by 
some species of Fungi when their mycelia, in passing into a vegetative 
resting stage, become converted into SCLEROTIA, tuberous or strand- 
like, firm, pseudo -parenchymatous bodies, which germinate under 
certain conditions (Fig, 30). In the fructifications the hyphae are 
also nearly always aggregated into a more or less compact tissue 
(Fig. 37). ‘ 

The two sub - classes are distinguished by their respective 
methods of asexual spore-formation. The ASOUS is characteristic of all 
Ascomycetes ; it is a club-shaped sporangium within which a definite 
number of spores (usually 8) is formed in a peculiar way by free cell 
formation (Fig. 381). The Basidiomycetes have in place of the 
ascus a basipixjm of varying shape. It may either be four-celled or 
a unicellular tubular structure from which the spores are abstricted by 
a process of budding in definite numbers, usually four (Figs. 398, 403, 
410). 

Sub-Class L---Aseomyeetes 

The Ascomycetes in their typical forms possess sexual organs, 
the oogonia, which here go by the name of ascogonia or," as in the 
Eed Algae, of carpogonia, and antheridia. The sexual organs have 
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been accurately investigated in relatively few forms ; a number of 
distinct types are found. 

1. In the Labouibeniaceae (Fig. 396) the carpogonimn with its 
trichogyne, and the antheridia which produce spermatia, show a 
striking correspondence with the structures of the same name in 
the Fed Algae. 

2. The Ascomycetes which enter into the composition of Lichens 
(Figs. 429, 430) approach most closely the preceding group. The 
carpogonium is here a spirall}^- wound filament of cells terminating in 
a trichogyne. The spermatia are formed in special flask -shaped 
depressions of the thallus, the spermogonia. Similar reproductive 
organs occur in some Ascomycetes which do not form parts of 
Lichens. 

3. Pyronema (^®) (Fig. 390) and related genera, Ascodesmis 
( = Boudiera Claussen) Mmasciis (^^), Aspergillus exhibit a 
distinct type. A multinucleate carpogonium which is provided with 
a trichogyne is fertilised by a multinucleate antheridium, the two 
structures being thus coenogametes (p. 429). Lachnea (^'^) may also be 
placed here. 

4. In the Erysibaceae (Fig. 382) a uninucleate antheridium unites 
directly with a uninucleate oogonium. 

Other genera exhibit transitions in the structure of the carpo- 
gonia and antheridia from the type of the Lichen fungi to those 
of Pyronema, and of the Erysibaceae. Thus the former may perhaps 
be regarded as primitive Ascomycetes and the latter as reduced (®^), 

In some Ascomycetes the sexual organs are present, but no fertilisa- 
tion of the carpogonium takes place, and in others they are more or less 
completely reduced. 

The carpogonium does not give rise to a resting oospore, but 
remains in connection with the parent plant ; from it ascogenous hyphae 
or cell-filaments grow out, branch, and ultimately form the asci at 
the ends of branches. The ascogenous hyphae and asci proceeding 
from a carpogonium, or in some eases from a group of carpogonia, 
form a fruit-body or fructification. In the formation of this, vegeta- 
tive hyphae, derived from the mycelium of the parent plant, and 
sharply distinct from the ascogenous hyphae, take part. The sterile 
hyphae grow between and invest the ascogenous filaments. The my- 
celium which produces the sexual organs represents the sexual genera- 
tion (gametophyte) ; the system of hyphae proceeding from the carpo- 
gonium and ending in the asci corresponds to the asexual generation 
(sporophyte). 

Within or on the surface of the fructifications of some groups of 
the Ascomycetes the asci stand parallel to one another in a layer 
called the hymenium, and between them as a rule are paraphyses 
borne on the sterile system of hyphae of the fructification. 

In some orders of Ascomycetes the sexual organs and the 



fructifications are completely wanting, probably owing to reduction. 
The asci then arise directly from the mycelimn. 

The Ascus originates from a single cell ; this to start with contains 
two nuclei, which fuse, and the resulting nucleus by repeated division 
gives rise to eight nuclei. By a process of free cell formation the spores 
become limited by cell walls in the way shown in Fig. 21 (Figs. 381, 
391). In contrast to the formation of 
spores in the sporangia of Pliycomycetes 
the cytoplasm of the ascus is not com- 
pletely used up in the formation of the 
ascospores. The spores usually form a 
longitudinal row, embedded in the remain- 
ing epiplasm, which contains glycogen, and 
are ultimately ejected from the ruptured 
apex of the ascus by the swelling of this. 

The spores are adapted for dispersal in 
the air. 

In a few cases the eight nuclei before the 
delimitation of the cells undergo further divisions ; 
numerous free ascospores, e.g. 32 in Thccotheus^ 
thus arise. More commonly divisions occur after 
the spores are delimited, and result in the forma- 
tion of eight hi- or multicellular bodies. 

The behaviour of the sexual nuclei in and after 
fertilisation of the carpogonium is only accurately 
known in a few cases. For some Ascomycetes 
{Pyronema and Monascus) it has recently been 
shown that the sexual nuclei do not fuse in the 
carpogonium, but lay themselves side by side. 

In the asGogenous hyphae the pairs of nuclei 
divide conjugately, and only in the young ascus 

do two nuclei, the descendants respectively of a male and a female sexual nucleus, 
fuse together. TIius the conjugation of the sexual nuclei is here delayed from the 
carpogonium to the development of the ascus. 

So far as the results yet obtained allow of a conclusion being drawn, the 
reduction division in the Ascomycetes happens, just after the fusion of the two 
nuclei in the ascus. 

In the life-history of the Ascomycetes an asexual reproduction by means of 
Gonidia often precedes the development of the fructification. The conidia are spores 
provided with a cell wall which are budded off from the tips of simple or branched 
hyphae, the conidiophores (Fig. 384), 


Fig. 881. —Portion of the hymenium 
of Morchella csmlenta. a, A.sci ; 
p, parapliyses ; sh, subhymenial 
tissue. ( X 24.0. After Steas- 

BURGER.) 


According to the construction of the fructification we may dis- 
tinguish in the first place the orders of the Erysibaceae, Plectascineae, 
and Pyrenomycetineae, with closed or vase-shaped fruit-bodies (peri- 
thecium), the Discomycetes with an open fructification (apotheeium), 
and the Tuberaceae with a fructification that is at first open but 
becomes completely closed. 
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To these orders ' must be added the Exocasceae, in which the asci 
arise from cells of the mycelium wdthout the formation of any 
fructification, and the very simple Saccharomycetes or Yeast Eungi. 
These two groups can be regarded as reduced Ascomyeetes. 

The Laboulbeniaceae in which the asci are enclosed in small 
peritliecia occupy an isolated position. 

The genetic connections of these orders are not yet clearly established. 

Order 1. Erysibaceae (Mildew Fungi) 

The small spherical peritliecia have a closed investment (peridium) which ulti- 
mately opens irregularly and liberates the ascospores. The asci stand singly or 
in a group in the centre of the fruit. 

The Erysibaceae live as epiphytic parasites whose mycelium, somewhat 



Pig. 382. —Sphaerotheca castagnei. Fertilisation and development of the perithecinm. 1, 
Oogonium (og) with the antheridial brancli (az) applied to its surface; separation of 
antheridiuia (an ) ; 3, passage of the antheridial nucleus towards that of the oogonium ; 
4, fertilised oogonium, in 5 siirroiindecl by two layers of hyphae derived from the stalk cell (st ) ; 
6, the multicellular ascogonimn derived by division from the oogonium ; the penultunate 
cell with the two nuclei (as) gives rise to the ascus. (After Harpeb.) 

resembling a cobweb, and ramifying in all directions over the surface, particularly 
the leaves, of higher plants, sends , out haustoria which penetrate the epidermis 
of the host. In some cases -the mycelium also inhabits the intercellular spaces 
of the leaf. The ripe asous fructifications (peritliecia) are small black bodies 
provided with peculiar appendages. In the simplest forms {e,g. in the genus 
jSphaerothecd) the spheroid perithecium encloses only a single ascus with eight 
spores. It is enveloped by a covering of sterile hyphae, forming a sheathing, 
layer, two to three cells deep. The genera Mrysihe and on the other 

hand, develop several asci in each perithecium, and in Phyllactinia 12 to 25 asci are 
present. Since all the eight nuclei are not utilised in spore formation the 
number of spores in each ascus is usually 4, or only 2. The perithecia are 
irregularly ruptured at their apices aE,nd the spores are thus set free. As Haepee 
has shown, the first rudiment of the perithecium consists of an oogonium and 
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an antlieridium. These are uninucleate cells, separated from tlic mycelium by 
partition walls, and stand close together. The male nucleus passes into the 
oogoniiiin by an opening which ibrms in ^ 
thecell walls (Fig. 382, 1-4), After fertilisa- 
tioii the oogonium is surrounded by invest- 

ing filaments which spring from its .stalk ^ 

cel] or from that of the antlieridium (5), W 

and the oogonium itself becomes conwerted |' 

into a multicellular structure (6). hi S%}liaG- n 

roihcca the ascus containing eight spores H 

arises from the binucleatc penultimate 

cell, while in Erysihe and PhyllacHnia, this ' 

cell exclusively or mainly iirodiices asco- ^ * ' 

genous hyphae which in turn give rise to :^^^’ ^====^=::rr==^^^ 

the numerous asci. Before entering upon J 

the formation of perithecia, the MiideAV « 

Fungi multiply by means of conidia ab- ^ 

stricted in chains from special, erect hyphae, 

from the tip downwards. These are distri- -B 

bated by the wind. The Mildew Fungus ■--'^======= 7 yfeia^ 

occurs on the leaves and berries of VUis ^ ^ 

in America and has appeared in Europe 

on the Grape-vine since 1845. This fungus, ' 4 1 

known as Oidium Tucker^ is the conidial 

form of Uncinula necator {=U. spiraUs\ 

the small perithecia of which have append- 

ages spirally rolled at their free ends and / I 

are only rarely found (Fig. 383). C J \ ^ 


Order 2. Fleet ascineae ^ 

The spherical perithecia have a closed ^ 

periduxm ; the asoi are irregularly arranged Hypha which has formed a disc of attach- 
within this. ment (a) and has sent a haiistoriiim (/t) into 

1. Aspergillaceae (‘^^). Fructification epidermal cell. {?, Peritheeium with 

small ; not subterranean. Here belong “PPefagos (From SoBAnEa, Lindau, 

two of the most common Mould r ungi, n xp4. 1906.) 

Aspergillus {Eurotium) heTharioricTU and 

Penicillium crustdcemii, which live saprophytically on organic substances. Both 
multiply extensively by means of conidia before they begin to form perithecia. 

In the case of Aspergillus herhar%oru7Yi^ the conidia are abstricted in chains 
from a number of sterigmata arranged radially on the spherical, swollen ends of 
the conidiophores (Fig. 384). The conidiophores are closely crowded together, 
and constitute a white mould, afterwards turning to a blue-green, frequently 
found on damp vegetables, fruit, bread, etc. Some species of Aspergillus kve 
pathogenic in man and other mammals; thus A. funiigatus, which lives in 
fermenting heaps of hay at an optimum temperature of 40” C. {^'^), causes mycosis 
of the external ear, the throat, and the lungs. 

In Penidllmm crustaceum, another widespread blue-green mould, the erect 
conidiophore.s (Fig. 384) are verticillately branched. The spherical perithecia of 
As'pergiUus and PeniciUium are produced later on the mycelium, but only rarely 
occur in the latter genus. They develop from the, sexual organs consisting of 
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an antheridiura and a carpogoniiim provided with a tridiog^aie. The walls of the 
asci and the surrounding pseiido-parenchynia disappear in the ripe fructification 
which opens irregularly by the rupture of the peripheral layer. 

2. The Elaphomycetaceae have subterranean, truffle-like fructifications, the 
peridium of which is sharply marked off from the powdery mass of spores derived 
from the ascogenous hyphae. Ma;phomyces granulaHts {Boletns cermoius), tlie 
yellowish-brown fructifications of wfflich are of the size of a walnut and have a 
bitter taste, occurs commonly in woods in Europe. It is used in veterinary 
medicine. 



Fig. 384.— Conidiopliores of Aspergillus herhariorum (to tlieleft) and PenicilUmi crustaceum 

(to the right). 

3. The Terfeziaceae are distinguished from the preceding group by the peridium 
of the fructification not forming a sharply distinct layer. Species of Terfezico with 
edible truffle-like fructifications occur in the Mediterranean region. 

Order 3. Pyrenomycetes 

The Pyrenomycetes comprise an exceedingly varied group of Ifungi, some 
of which are parasitic upon different portions of plants, and others are saprophytic 
upon decaying w^ood, dung, etc., while a few genera occur as parasites upon the 
larvae of insects. The flask-shaped fructifications or perithecia are characteristic 
of this order. The perithecia are open at the top, and are covered inside, at the 
base, with a hymenial layer of asci and hair-like paraphyses (Fig. 385). The 
lateral walls are coated with similar hyphal hairs, the periphyses. The ascospores 
escape from the perithecia through the aperture. 

The simplest Pyrenomycetes possess free perithecia (Fig. 385) which are usually 
small and of a dark colour, and grow Singly on the inconspicuous mycelium {e.g. 
Nectria^ Sphaeria^ and Podospora), In other cases the perithecia are in groups 
embedded in a cushion- or club-shaped, sometimes branching, mass of compact 
mycelial hyphae having a pseudo-parenchymatous structure. Such a fructification 
is known as a steoma. 

In the life-history of most Pyrenomycetes the formation of perithecia is pre- 
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ceded by the production of various accessory fractifications, particularly of conidia, 
wiiicli are abstricted in dilferei.it ways, either directly from the liypliae or from 
special conidiopliores, and assist in disseininating the fungus. The conidiophores 
are frequently united in distinct, conidial fructifications. A special form of such 
fructifications are the pyofidia produced by many genera. They are small 
spherical or flash-shaped bodies which give rise to branched liyphal filaments from 
the apices of which conidia, in this case termed pyoFOSPORES or pycnocofidia, 
are abstricted (Fig. 386). The structure of the pycnidia and pycnospores corre- 
sponds to that of the sperniogonia and sperinatia of the Lichens, and they may 



be regarded as the original male organs. 

Clamcejis purpurea, the fungus of Ergot, 
is important on account of its official 
value. It is parasitic in the young ovaries 
of different members of the Gramineae, 
particularly of Rye. The ovaries are in- 
fected in early summer by the ascospores. 
The mycelium soon begins to form conidia, 
which are abstricted in small clusters from 
short lateral conidiophores (Fig. 387 A). 



FiCr, 386.— i, Conidiophore abstricting conidia, 


Pig. 385.— Perithceiuin of Pot/ospone Jimisccla , from a pycnidium of Cryptospom hyporlermia. 

in longitudinal section, s, Asci ; (x 300. After Brefeld.) Pycnidium of 

parapliyses; e, peripbyses ; m, mycelial Sfricheria obdiicens in vertical section, (x 70. 

bypliae. (x 00. After v. Tavel.) After Tulasne.) 


At the same time a sweet fluid is extruded. This so-called honey-dew is eagerly 
souglit by insects, and the conidia embedded in it are thus carried to the ovaries of 
other plants. After the completion of this form of fructification, and the absorption 
of the tissue of the ovary by the mycelium, a sclerotinm is eventually formed in 
the place of the ovary from the hyphae of the mycelium by their intimate union, 
especially at the periphery, into a compact mass of pseudo-parenchyma (Fig. 36). 
These elongated dark-violet sclerotia, which project in the form of slightly 
curved bodies from the ears of corn, are known as Ergot, seoale corfutum 
(Fig. 387 B). The sclerotia, coxuously supplied with' reserve material (fat), 
eventually fall to the ground, where they paiss the winter, and germinate in 
the following spring when the Rye is again in flower. They give rise to bundles 
of hyphae which produce long-stalked, rose-coloured globular heads (6^). Over 
the surface of the latter, numerous sunken peritheoia (D, H) are distributed. Each 
perithecium contains a number of asci with eight long, filiform ascospores, which 
are ejected and carried by the wind to the inflorescences of the grass. 



44.4 


BOTAKY 


PART 11 


Kectria " ditissirna is a very injurious parasitic iiiiigus which inhabits tlie 




Pio. 387.— Clamcejis purpurea. A, Mycelial Ijypha with conidia; B, ear of Rye with several ripe 
sclerotia ; G, a sclerotiiun with stromata; D, iojagitudinal section of a fructification showing 
numerous peritliecia ; IC, a single peritheciiim, more highly magnified ; F, aseus with eiglit 
filiform spores ; f?, a ruptured asciis with escaping spores ; /f, a single spore. (A after 
Brefeld ; G-H after Tui^asne ; B photographed from nature. Ofpwial and Poisonous.) 

cortex of various trees and causes the, canker of fruit trees. It forms in winter 
and spring, small red perithecia which are closely crowded together. 

Official.— Ergot is the sclerotium of GlmiGe;p$ ;purpurea. 
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Order 4. Discomycetes 

The Discomycetes are distinguished from the other orders by their oi)en apothecia, 
wliieh hear the- hynieniiim, consisting of asci and paraphyses, freely exposed on 
their upper surface (Pigs. 381, 389). The different groups exhibit great diversity 
as regards the manner of development of their fructifications. 

The great majority of the Discomycetes, of which the genus Peziza may serve 
as a type, grow on living or dead vegetable substances, especially upon decaying 
wood, but sometimes also on humus soil. They produce saucer- or cup-shaped 
fructifications of a fleshy or leathery consistency, and usually of small dimensions. 
One of the largest forms, Peziza cmmntiam (Fig. 388), has irregularly bowl-shaped 
fructifications, wdiich may be seven centimetres broad and of a bright orange-red 
colour, while in most of the other species they are grey or brown. Such cup- 
shaped fructifications are termed A iwheci a. 



Fig. 389.— hac/fcwm inUcJierrima. Apothecinm ruptured, 
showing old and young asci between the paraphyses. 
(After WoRONiNj from v. Tavbl.) 



Fig. BSS.—Pesiza avrantiaca. 
(Nat. size. After Krombholz.) 


The development of the apothecium may be described for Pyronema confluens^ 
in which it was first thoroughly investigated by R. Haupeu. The fruit-body of 
this species is about 1 mm. across, and of a yellow or reddish colour; it- often 
occurs on spots where fires have been kindled in woods. The carpogonia are 
especially large in this species, and several usually take part in the formation of 
each apothecium (Fig. 390 A). The carpogonium or ascogonium consists of the 
spherical, multinucleate oogonium, on the apex of which a mitltinucleate curved 
cell, the trichogyiie, is situated. The cylindrical, multinucleate antheridium 
arises from a neighbouring hypha ; its apex comes into open communication with 
the tip of the trichogyne by the breaking down of the intervening walls. The 
male nuclei first wander into the trichogyne cell, and then, by the breaking down 
of the. basal wall of the latter, into the oogonium. The , egg-cell then . becomes 
limited from the trichogyne by a new ceil wall and sends out ascogenous filaments 
containing the conjugate nuclei. These filaments branch and ultimately ter- 
minate in asci (A?), while the sterile hyphae and the paraphyses of the fructifica- 
tion are derived from hyphae arising beneath the carpogonium. According to 
Harpke the male and female nuclei fuse in pairs with one another in the 
carpogonium. More recent investigations by Olaussbn show that they only place 
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tliemselves side by side, and in the ascogenoiis liy})hae divide conjugateiy, but 
remain distinct from one another. The fusion of a descendant of a male nucleus 



Fkj. 390. — ryron&Ma confiuetis. A, Very young ai)otheGiiun ; og^ oogonia, with trichogynes (f) ; a, 
antheridia ( x 450), B, Fusion of the anthoridium with the tip of the trichogyne ( x 300). C, 
The association in pairs of the male and female nuclei in the oogonium, which is cut trans- 
versely ( X 1000). D, Passage of the paired nuclei into the ascogenous hyphae ( x 1000). E, Young 
apothecium. The ascogenous hyphae springing from the oogonia have branched and are invested 
by sterile hyphae ( x 450). (B after Harpee. A , C , D , E after Claussen.) 

with the descendant of a female nucleus does not take place till the development 
of the ascus (Fig. 391). 

In many Discomycetes a redaction of the sexual organs has taken place 
associated with a loss of sexuality. The antheridia are functionless or completely 
suppressed, and in extreme oases the ascogonia are also wanting, only a tangle of 
hyphae being recognisable in their position. The ascogenous hyphae in the 
yonng fructification are, however, always present. 

The asci develop in various ways at the ends of ascogenous hyphae. As a rule 
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oogenous hyplia when about to form an aisous booomes cmwed 
shape (Fig. 391 A). The tWo nuclei of the young ascus (a) lie 
I and oil the formation of transverse walls are separated from 
terminal cell {h) and the stalk-oell (s), which also has a smglo 
VO nuclei of the young asous fuse ( 0 ), and the resulting nucleus 
leated division to tlie nuclei of the eight ascospores {D,. the 
the hook (A) and the stalk-cell (s) have their cavities continuous, 
ate fusion cell results which can proceed to form another young 
ray oomplioated systems of asoogenoas hyphae arise, 
development is exhibited by the peculiar fruetifloatioiis of the 
f-. in f.hft hnmus soil of woods. In the 


Explanatton 392.-Ko«M!a — 

■ (J nat. size.) 

392) the fructifications consist of a thick erect stalk, bearing a 
or less spherical cap or pileus, which bears the 
[ asci, on the reticulately-indented exterior surface (Fig. 381). 
ible 0% in particular M. esculentco and M. cornea. The lormer 
m can, ovately spherical in shape, and attains a height ot 
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tliickeiied opispore. They are set free in tlie soil by the breaking down of the asci 
and of the wall of the fruo-tification. : 

The fructifications of many of the Tuberaceae are edible and have an aromatic 
odour and taste. They are, for the most part, obtained from France and Italy. 



Fio. ‘d9B.~'I'uher TwJ'im. 1, A fructification in vertical section ( X &) ; a, the cortex ; r/., air-containing 
tissue ; a, dark veins of compact hyphae h, ascogenons tissue. A iiortion of the hyinenium 
(x 460). (After Tulasne, from v. Taveu, Pihe.) 

Of the edible varieties, the most, important are the so-called black truffles 
belonging to the genus T%her^yiz, Tuher IruviaU, melanosporitm (Perigord Truffle), 
aestivum^ mesentericum. The fructifications of these species have a warty cortex of 
a black, reddish-hrown, or d^k brown colour. The white truffle, Choiromyces 
meandriformis^ the external surface of- which is pale brown, is also edible. 

The fructifications when ^very young are open as in the Discomycetes. The 
Truffles seem most nearly related to the Helvellaceae. 
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Order 6. Exoasceae C^-) 

The most important genus of this group of Aseomycetes is Taphrinct (includ- 
ing Exoascus), the species of which are parasitic on various ti’ees. They develop), 
in part annually, beneath the cuticle of the ' 

leaves, causing discolorations of these organs; 
their my celiuni persists during the winter in ^ 

the tissue of the host, so that a constant re- ifKltf 
ciirrence of the disease takes place. The presence GQ |'U^Yp I 

of the mycelium in the tissues of the infected ^ 0 ) 3 / 'Y)/ 

part causes the abnormally profuse develop- I f(^/ 

ment of branches known as Witohes’-beooms. ll® If ‘ff 
Thp/mwci produces the abnormal growths [Si'f 

occurring on the Hornbeam Taphrina Qerasi 
those on Cherry trees. Taphrina deformans I 

attacks the leaves of the Peach and causes them 

to curl. Taphrina Fruni is parasitic in the — — \ ' 'u- 

young ovaries of many species of Frnnus^ and j ( j T jCn ^ 

produces the malformation of the fruit known — '^<Q ■ ' 

as “Bladder Plums,” containing a cavity, the 
so-called “pocket,” in. the place of the stone; 

the mycelium persists through the winter in 394.— rapAnnaPmni. Transverse 

the branches. In the formation of asci, the though the epidermis of an 

copiously-branched mycelium ramifies between eight spores, i/jj, with yeast- 

the epidermis and cuticle of the infected part. like conidia ahstricted from the 

The individual cells of the mycelium become spores ; si, stalk-cells of the asci ; 

greatly swollen and grow into club-shaped tubes, ‘h" myeelinm cut 

which burst through the cuticle and, after cutting dermis, (x coo. After Sa debeck.) 

off a basal stalk-cell, are usually converted into 

asci with eight spores (Fig. 394). As in other Aseomycetes the young ascus has 
two nuclei which fuse, and the resulting nucleus undergoes three divisions to give 
the nuclei of the eight spores. The numerous asci are closely crowded together. 

The spores, which bud in water or sugar solution, frequently germinate whil 
still enclosed within the asci (Fig. 394 ^ 3 , <^ 4 ), and give rise by budding to yeast- 
like conidia, e,g, in Taphrina Fruni. 

The Exoasceae are perhaps to be regarded as reduced Aseomycetes, in which the 
sexual organs have become completely suppressed. 


Order 7. Saccharomycetes (Yeast Fungi) 

The beer, alcohol, and wine yeasts included in the genus Saccharomyces are simple 
unicellular Fungi which have the form of spherical, oval, or cylindrical cells contain- 
ing a single nucleus. They increase in number by budding (Fig. 396). Ho mycelium 
is formed, though sometimes the cells remain for a time united in chains. With free 
access of oxygen and at a suitable temperature yeasts form asci when the nutrient 
substratum is exhausted ; the asci externally resemble the yeast-cells, but contain a 
few spores. In some yeasts a conjugation of two cells accompanied by a nuclear 
fusion has been observed. In Saccharomyces Zvdwigii the four spores in the ascus 
germinate and fuse in pairs by means of a narrow conjugation- tube ; the latter 
elongates into a germ- tube from which yeast-cells are abstricted. In the ginger- 
beer yeast {Zygosacckaromyces) and in Schizosaecharomyces the yeast-cells conjugate 
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by ]uea,iis of long tubes before spore-forniatiou. These nuclear fusions possibly 
correspond to those in the young asci of other Aseoinycetes. 

Physiologically these fungi are remarkable for their powun* of exciting, by means 
of an enzyme (zymase), the fermentation of sacelim-ino solutions, alcohol and 
carbon dioxide being produced (cf. p. 27 4)* Thu hccr yeast i^ucchanmiym 

0§ cerev^si<^f) ivS only known in the 

cultivated form ; tlie wine yeast (S, 

ocenrs^ regularly in the soil (>f vine- 

is therefore always present on tlie 
^ N P gi'apes and need not be added to 

the grape-juice. Other genera, in 
Fe.. .4, Yeast-cell ; of which a mycelium is de- 

burldiug ; />, asens with, four spores. -i i i , + xi • i 

C-. nar„ .Vl't,.r Grxu,»:HMOso.) 

JNo evidence is at tu’escut forth- 
coming to show that the Yeasts are to be regarded as developmental forms of other 
fungi. In various members of the 

Exoasci and Ustilagineae, however, ^ ^ mi/ 

yeast-like conidia which reproduce P.| rP'-/ 

by budding are known. Possibly Kj | 

the Saccharomycetes are reduced Bl |r| 

Ascon \ y cetes, or t hey m ay represent ^ I ■ | ’ ' i J P > ' ■ 

an independent group of very W U 

simple fungi at the base of the ^ bS\ ^ 

Ascomycetes. f!/' J l| 

Owing to their richness in ' vh,. '| j ■■ 

readily digestible substances, 'w Y''"''! 

especially proteids and glycogen, *^""1$ ^ li'f \ 

but also fats, yeast has a consider- I|Y ^ | IkW 

able food- value. It is purified, dried ^ I ^ 

at 125“ 0. , and sol d for this purpose. ^ 1^/ n f •' M' '% X \ ^ 




Order 8. Laboulbeniaceae (’‘^) 

TheLaboulbeniaceaeareagroup S'Wl\fKd il'CI 

of minute fungi occupying an ‘rffl 

isolated position; our knowledge fwj—i? 

of them is largely due to the work > T'XS 7 

of Tuaxtbe. Their thalhis con- " d w/ 

sists of two to a number of uells, wb'f W ■ / 

and is attached to the body -of the’ jr t/ ^ 

insect, most commonly a .beetle, 

on which it is parasitic by means Fia. B9Q,^BtigmatQmyms Jkv^rii. Description in text, 
of a pointed process of the lowest - Spore. B-F, Successive developmental stages. D. 
cell inserted into the chitinous ' With spennatia escaping from the antheridia F. 
. , ■ . £> j 1 • J. 1 ■■ antheridia above and the lateral female organ, 

integument of the insect, or by ; Peritheciurn with developing asci. G, Bipe asciis 

means of rhizoids which penefeate .. . (After Teaxteu.) 
more deeply. SHgmatomyms SmHi , . 

which occurs on house -flicA/th' Burppe may be taken as an example. The 
bicellular spore (Fig. 396 .which ;has a mucilaginous outer coat, becomes 
/'’ -attached by its low^er end (.^)y ahd' 'divisions occur in both cells (G). From 


3. 2%,^BtigmatQmyces Bacrii. Description in text. 
A,- .Spore. B-F^ Successive developmental stages. D. 
With sperrnatia escaping from the antheridia a??. Fu 
With antheridia above and the lateral female organ, 
JF, Peritheciurn with developing asci. G, Bipe asciis 
(After Teaxteu.) 




THALLOPHYTA 


the upper cell an appendage is developed bearing a number of unicellular, flaslv’ 
sha])ed antlieridia (Z>, an) from Avliich naked spherical sperinatia witliout cilia are 
shed. The lower cell divides into four (Z>, ot, h, e, d), and the cell a projects and 
gi^-es rise to the multicellular female organ. The true egg-cell (A’, ac), whicli is 
called the carpogoniurn, is surrounded by a layer of cells. Above the carpogoniimi 
come two colls (if, tp, t), the upper of which is the freely-projecting trichogyne or 
receptive organ for the spermatia. After fertilisation the carpogoniurn becomes 
divided into three cells, of which the uppermost disappears, the lowest (A, st) 
remains sterile, while from the middle cell the asci^ grow out. Each ascus {G) 
produces four spind le -shaped, hicellular spores. The sexual nuclei become associated 
in a pair in the carpogoniurn and divide conjugately. The nuclear fusion only 
takes place in the young ascus. In certain species in which antlieridia are wanting 
a second nucleus, according to Eaull, is derived from the stalk -cell of the 
trichogyne. 


Sub“Class IL — Basidiomyeetes (h 52, 75-86^ 

The Basidiomycetes no longer possess sexual organs ; only in 
the Uredineae or Rust Fungi are structures found which can be 
regarded as persisting, though fimctionless, male organs, and cells 
which appear to correspond to the carpogonia of Ascomycetes. In 
pilace of asci, BASibiA are present which produce by a process of 
budding in most cases four BASIDIOSPORES. The basidia agree with 
the asci in containing when young two nuclei, which fuse with one 
another. The reduction division appears to follow on this nuclear 
fusion or karyogamy. The resulting nucleus undergoes two 
divisions, and the four resulting nuclei pass into the spores which 
are budded off (Fig. 397). 

The alternation of generations present in the Ascomycetes can no longer he 
demonstrated in the Basidiomycetes (with the exception of the Uredineae) owing 
to the absence of the sexual organs. The union of sexual cells is replaced by 
cell-fusions that result in binucleate cells. The pairs of nuclei correspond to 
diploid nuclei, but fusion of the two haploid nuclei of the pair only takes place 
in the young hasidium. - On the division of the truly diploid nucleus thus 
produced, haploid nuclei again arise. 

The basidia present three distinct types. In the orders Uredineae 
and Auricularieae the upper portion of the basidium is divided by 
transverse walls into four cells ; each ceil bears a single, spore on 
a thin stalk (sterigma), arising near the upper end (Figs. 403, 408). 
In the Tremeilineae, on the other hand, the basidium is divided by 
longitudinal walls into four cells, each of which continues into a 
long tubular sterigma (Fig. 398), The basidium in the Exobasidiineae, 
Hymenomycetes, and Gasteromycetes is unicellular, and bears as a 
rule four spores at the summit ; these may be -sessile or situated on 
sberigmata (Figs. 397 ] 420, 2). The Ustilagineae are of interest, since 
in one family ' of these fungi the basidia are divided, while in the 
other they are undivided ; the number of spores produced is not a 
definite one, hut often very large. , . . , “ ’ , . 
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In addition to basidia, the Basidiomycetes, like the Asconiycetes, produce 
various forms of conidia as accessory fruotificatious in many species. Tiie origin 
of asexual spores by hyphal ceils rounding oh* and developing a thick wall 
and their ultimate separation is different from tliat of conidia (clikinydos] tores 



Fir;. 307. ■— A ■m /llaria mdlea. A , Y oimg 
basidiurn with the two primary 
miclei ; B, after fusion of the two 
nuelei. fJyj^Jiolorm appencUculatum,, 
C, a basidiurn before the four nuclei 
derived from the secondary nucleus 
of the basidinmliave passed into the 
four basidiospores. D, Passage of a 
nucleus through the sterignia into 
thobasidiospore. (After Rr hland.) 



Fig. 308. — Basidiurn of one of the 
Tremellineae {Tfcmella lutesGem) (after 
' BREFiiLD). (x 450. From v. Tavel, 
PUm.) 


according to Brefelp). These appear in the IJstilagineae as the smut-spores, 
and as the rust -spores in the IJredineae. In the former the basidia arise 
directly from spores of this kind (Fig. 400), in the latter from a definite type 
of rust-spore (Fig. 403, 2). In other Basidiomycetes, if a few simple forms are 
disregarded, the basidia are always borne upon or within more or less com- 
plicated fructihcatioiis. The layer in wliich the basidia are associated together 
is termed the iiymenium. These fructifications correspond to those of the 
Asconiycetes, but no sexual organs are concerned in their origin. The young 
basidia, corresponding to the smut- and rust-spores, here arise from hypliae of 
the fructification without the formation of chlainydospores. 


Order 1. Ifstilagiaeae (Smut Fungi) (^^) 

The Ilstilagineae are parasites, and their mycelium is found ramifying in 
higher plants, usually in definite organs, either in the leaves and stems, or in 
the fruit or stamens. The Gramineae in particular serve as host plants ; certain 
species of Ustilagineae are in a high degree injurious to cereals, and produce in 
the inflorescences of Oats, Barley, Wheat, Millet, and Maize the disease known 
as Smut. 

The mycelium ultimately produces resting-spores by the formation of additional 
transverse walls, and by the division of its profusely -branched hy}>]iae into 
short swollen cells. The cells become rounded off and converted into spores 
within a gelatinous envelope, which,, however, eyentually disappears. The spores 
then become invested with, a nmv, thick wall. In this way the mycelium is 
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transformed into a da.rk brown or black mass of spores. These snmt-spores, brand- 
spores, or resting-spores are scattered by the wind, and germinate only after an 
interval of rest, producing the basidia in the succeeding spring ; the formation of 
these is chai'acteristically ditferent in the two families of the Ustilaginaceae and 
the Tilletiaceae. 

The most important genus of the Ustilaginaceae is UsPUago. Ust. Ai^cnae, 
IJ. Hordei, and U, TriUci segepmn, which were formerly united as U. Oarho^ cause 
the ‘‘smut” or “brand” of Oats, Barley, and Wheat. The mycelium penetrates 
the ovary, and forms dark brown, dust-like masses of escaping resting-spores. 
U, Maydis pjroduoes on the stalks, leaves, and inflorescences of the Maize tumour- 
like swellings filled with brand-spores in the form of a black powder. Other 



Fio. 390.— Germinating smut-spore (eO, cultivated Fig. 400. — Ustilago Scuhkmc, A, 


in nutrient solution; t, transversely .septate basidinm 
with lateral and terminal basidiospores (conidia) (c) (x 
450). Bf Germinating conidia, which are multiplying by 
budding (x 200). G, An aggregation of budding conidia 
(x 350). (After Brekeld, from v. Tavel, Pilze.) 


Young hasidium with, four nuclei 
formed on germination of the 
resting spore. B, Spore-forma- 
tion on the 4-celled ba.sidium. 
(After Harpee.) 


species live on the leave.s of different grasses ; A\diile U. antherarum occurs in the 
anthers of various Oarophyllaoeae {e.g. Lychnis^ SayoncoHa), In the case of female 
flowers of LycJinis the presence of the fungus causes the development of stamens, 
the anthers of which are filled with brand-spores. 

The brand-spores of Ustilago fall to the ground, and after a period of rest give 
rise, on germinating, to a short tube (promycelium) -which becomes divided by 
three or four transverse walls (Fig. 400 B), and, functioning as a basidium, 
produces ovate basidiospores (sporidia), both laterally from the upper ends of 
the intermediate cells and also from the tip of the terminal cell. When abundantly 
supplied with nourishment, as when cultivated in a nutrient solution, conidia are 
continuously abstrioted in large numbers (Fig., 399), and then multiply further by 
budding. If the supply of nutriment in the substratum is insufficient, fusions 
between conidia or between cells of the promycelium take place in many Smut Fungi 
(Fig. 402). After the food-supply of the substratum is exhausted, the conidia grow 
out into mycelial hyphae. The formation of the conidia in the damp manured soil 
of the grain fields is accomplished during a saprophytic mode of existence, but the 
hyphal filaments which are eventually produced become parasitic, and penetrate 
the young seedlings as far as the apical cone -where the inflorescence takes its 
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origin. The inyceliiim continues its development in the infioresoeiice, and 
I'zltiniately terniinates its existence the productipn of brand-s]>orcs. 

Ill addition to tlso infection of young plants, either resting-spores or the conidia 
resulting froni their geniiination may be carried to the stigmas of the grass-flowers 
and germinating tliero produce a. m 3 mGliain which penetiiites to the 3 *ouiig seeds 
and passes the winter in the embryo-plants. Such infection of tlie flowers may 
alone take place as in UstUago Tritid, U. Hordei, and U. ant^/erarwiii, or the seed- 
ling ina}^ more often be infected as in U. AvenaCf U. Sorghi, U. Fanid miliacd, 
V. Oraracri, The Smut of Maixe can infect all parts of the plant while in a young 
state and the disease is limited to tlie infected spots. 

The life-history of the Tiiletiaceae is similar to that of the Ustihiginaceae. The 
best-known species are TilUtia Tritid ( = T, Caries) and Tilkiia laeds, the fungi 
of the stink-brand of wheat. The xe&ting-sporf3s fill the apparently healthy grains 
and smell like decayed fish. In the first-named species the resting-spores are 
reticulately thkkened ; those of T, laevis^ on the other hand, are smooth-walled. 



Fig. 401. — TilUtia Trltiei. A, The basidium developed I'rom the brand-spore bearing at the end 
four pairs of spores h {x 300). B, The dispersion of tire spores wliieh have fused in pairs 
(X 250). 0, One of t)ie paired spores germinating and bearing a sickle-shaped conidinm ah: 
(X 400X D, Mycelium with sickle-shaped conidia (X 350). (After Be kfkud.) 

Unlike the Ustilaginaceae, the germ-tube gives rise only at its apex to filiform 
basidiospores, which are disposed in a whorl, and consist of four to twelve spores 
(Fig. 401 A). The hasidiosjiores also exhibit the peculiarit}" that they coalesce with 
one another in pairs in an H-form. The filiform spores germinate readily, and 
produce sickle-shaped conidia at the apex of the germ-tubes (Fig, 401 C/), "When 
abundantly supplied with food material^ the germ -tubes grow into large mycelia, 
from which such sickle-shaped conidia are so abundantly abstrioted that they 
have the appearance of a growth of mould (Z>). Thus Tilletia.^ unlike UsUlago, 
produces conidia of two forms ; but in other particulars the development of 
both groups is the same. 

As regards the behaviour of the nuclei, in the Ustilagineae the young spore 
as a rule has two nuclei which then fuse. In the germination of the spore a 
reduction division may therefore* he anticipated. The cells of the promycelium 
and the sporidia are uninucleate and mark the commencement of the haploid 
phase. The binucleate condition is again attained in variou.s ways. In U. Maydis 
the parasitic mycelium consists of uninucleate cells until, shortly?' before the 
formation of spores, neighbouring cells of the. Iiypha fuse and thus the binucleate 
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cells wliicli form tlie spores arise. On the other hand, JJ. Carho and the majority 
of the Ustihigiiieae attain the biinicleatc condition by a process of fusion between 
pro-mycelial cells, sporidia, or the cells of the mycelium arising from these (Fig. 
402). This also holds for Tilletia in which the sporidia before they are shed are 
united in pairs, the nucleus from one sporidium passing into the other. The 
liyphal cells and secondary sporidia and the cells of 
the parasitic mycelium are therefore bihucleate. 

In the various Ustilagineae the haploid and dij)loid Ln 

phases do not exactly correspond. 


Order 2. Uredineae (Bust Fungi) ’'®) fe) ^ 

The mycelium of the Uredineae lives parasitxeally J^'l I; 'm 

in the intercellular s|')aces of the tissues of the higher fe/ ( (\ 

plants, especiail}'- in the leaves, and gives rise to the V’' ’4 '"' I 

widely-spread diseases known as Rusts. Their more y‘-- J 
varied spore-formation is a distinguishing feature as 
contrasted witii the Ustiiagineaie. 

As in the latter order, the basidia are not produced - ^7 

directly on the mycelium but on the germination of a 
special type of spore, teleutospohes or winter spores, 
wdiich are characteristic of all Uredineae. Theteleuto- 
spores arise in small clusters beneath the epidermis 

of the diseased leaf from the ends of hyphae ; fre- ^ ^ 

quontly two or more form a short chain. They are 4Q2.-~UsUlago Carlo, A, 
thick- walled resting -spores and persist through the Conjugating sporidia. A The 
winter (Fig. 403, 1, 6 ii). The group of spores usually two uppermost cells of a 

bursts through the ej)idermis. At first the spores, like . pro^uyceliuin fusing to give 
-n T 7-11 1 . j. to a binucleate cell. G, 

the cells of the mycelium which bears them, have two conjugation between two 

nuclei, but the nuclei fuse before the spore is ripe. promycelia. (x 1000. After 

In the germination of the teleutospore a BASIDIUM Rawitscher.) 
(promycelium) grows from each cell (Fig. 403, 2) ; it ^ 

becomes divided by transverse septa into a row of four cells from each of which 
a stcrigma bearing a single uninucleated basidiospore (sporidium) is produced. 
The sporidia are dispersed by the wind and germinate in the spring on the'" leaves 
of host plants (which may be of the same or different species from the one on 
w’’hich the tcicutospores were produced), giving rise to an intercellular mycelium, 
all the cells of which, are uninucleate. From this mycelium organs of two kinds 
arise, spermogonia on the upper surface of the leaf and aecidia on the lower 
surface. 

The SPERMOGONIA (Fig. 404) are flask-shaped structures, the base of which is 
covered with tlie projecting ends of hyphae j from thes4 are abstricted spermatia, 
each of which has a single nucleus, Aiorphologically they are completely com- 
parable to the similarly-named male sexual organs of some Ascomycetes ; among 
the Basidiomyeetes they persist only in the Uredineae, and even in them are no longer 
functional and may be completely wanting. In nutrient solutions the spermatia 
may put out short germ -tubes, but are not capable of infecting the host plant. 

Tiie AEOiniA (Fig. 405) are cup-shaped fruotifleations, which when young are 
closed, but later open ; Itoiu the ends of the hyphae numerous closely-associated 
chains of spores are abstricted. As a rule the enveloping layer or peridium of the 
aecidium is formed of thick-wallcd cells corresponding to the sterilised peripheral 
rows of spores. In Phragmidium violctc&umt which occurs on the leaves of the Black- 
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berry^ and has been fully investigated by Blackman the hyphae beneath the 
epidennis when about to give rise to an aecidiuni fir^t cut off a sterile cell, which 
undergoes no further development, from their ends (Fig. 406 A). The cell below 
this increases in siiie ; it has at firstvonly a single nucleus, but becomes binueleate 



Fio. 403 . — Puroltila (jmmi'uls. 1, Transverse section tliroiiglia grass-liaulm with group of telento- 
spores. 2, Germinating teleutospore with two basidia. 5, Vegetative, 4, germinating basidio- 
.spore ; the latter has formed a secondary spore, not having been able to infect a liost plant. 

4, A portion of a groui> of uredospores («) and teleiitospores (if) ; p, the germ-pores. 6, Germinat- 
ing nredospore. (i, 2 ^ 4 after. Tuuasne ; a, 6 after Db Bauv. - 1 x 150 ; 2 x circa 230 ; 

5, 4 X STO ; 4 X 300 ; X 390. From V. Tavel, IHUe,) 

by the passage of a nuolehs into it from an adjoining mycelial cell. The^ two 
nuclei do not fuse. The binueleate coll undergoes successive divisions into a chain 
of spore-mother-cells, each of which has a pair of nuclei ; and from each spore- 
mother-cell an upper binueleate aecidiospore and a sterile intercalary cell, which 
is also binueleate but soon shrivels up, are derived by a transverse division {B, 0). 

According to Ohiiisthan f*®) the development of the aecidiospores in Fhrag- 
midium speciosimi (Fig. 407), which is parasitic on liosa, proceeds somewhat 
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differently, and recent researches show that Fuccinia and other genera agree. 
Here also the ends of the liypliae (A) divide into a terminal sterile cell and a 
lower fertile cell {B% but the 
fertile cells fuse in pairs with 
one another, the upper portions 
of the separating walls breaking 
down (C). The two nuclei lie 
side by side and divide simul- 
taneously (conjugate division). 

Two of the daughter nuclei 
remain in the lower part and two ^ > 

pass to the upper portion of the 
dividing cell, and this upper ^ 

portion is separated by a trans- 
verse wall as the first spore- \ 
mother-cell {D). In other re- 
spects the formation of the — 
aecidiospores proceeds as de- 
scribed above. A peridium is 
not formed in Fhragmidmm, "loniiii 

but in Faccinia, etc. it arises sp, sp' 
from the sterile peripheral chains 
of spores and from the sterile terminal cells of the central rows of spores. 

The ripe, binuoleate aecidiospores (Fig. 406 D) are shed and infect a new host 


■ I 


•Pucemia grcminis. Aecidium on Ber'beris vvZgaris ; ep. epidermis of lower surface of leaf 
m, intercellular mycelium ; jp, peridium; s, chains of spores, (x 142.) 


plant. Each spore gives rise to an intercellular mycelium which soon proceeds in 
tlie summer to bear ukedospokes or summer spoi*es. These appear in small circular 
or linear groups and arise singly from the enlarging terminal ceils of the hyphae 
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(Fig.- 403, 5, 6). They have two luielei like all the cells of the iiiYcelinni developed 
iTOm the aecidiospore. T])ey serve coiiimoiily to cusiire tlio spread of the fiiugus in 
the summer. Later, either in the saiue or in distinct sori, tlie leieutos]) 0 ]'es are 
formed and in these the fusion of the two nuclei to a single one takes x>hiee ; such 
a fusion as a rule is found to take jjlace in the young hasidiiim. 

Tiie two ty|)es of cell fusion in the formation of the aecidium are also known in 

other Uredineae, and must be regarded as replac- 
ing a formerly existing method of fertilisation. 
If we attempt to derive the Uredinea-e from the 
Asconiycetes the spermatia must be regarded 
as now functionless male cells, and the so-called 
fertile cells in the young aecidium as corre- 
sponding to carpogonia. Extending the com- 
X)arison iurther the mycelium proceeding from 
the aecidiospore in the Uredineae and the uredo- 
spores and teleutospores borne on it, together 
with the hasidia, formed by the latter, would 
together correspond to the diploid asexual 
generation (sporophyte) of the Asconiycetes. 
The basidiospores would thus correspond to the 
ascospores, while the mycelium proceeding from 
the basidiospores and ending in the production 
of aecidia would be equivalent to the haploid 
sexual generation (gametopbyte). The agree - 
ment between A'sconiycetes and Uredineae is 
also shown in the hehaviour of the sexual nuclei 
which only become associated in pairs to fuse 
later in the young ascus or the yoiing basidium« i 
The three forms of spore borne by the sporo- 
phyte show, according to Chkistmah, a certain 
agreement in their development from the ■ * basal 
cell ” from which they arise ; they may thus be 
regarded as niorphologieally equivalent. 

The life-history of the Bust Fungi is thus a 
complicated one. The several forms of spore may 
a|>pear in the coiirse of the year on the one 
host, such Uredineae being termed autoecious. 
On the other hand, the sj)ermogoma and 
aecidia may occur on one species of host plant, 
and the uredosporesand teleutospores onanotlier, 
often unrelated, x^ant. In these heteroecious 
species there is thus an alternation of host 
plants. There are also xileophagous heteroecious Uredineae in which the aecidia 
or the uredo' and teleuto- spores appear on a number of distinct host xilants ^ 

An example of an heteroecious Rust Fungus is afforded by Fuccinia gr ami-ms, 
the Rust of Wheat. It develops its uredosxjo^'es and teleutosxiores on all the green 
parts of Gramineae, especially of Rye, Wheat, Barley, and Oats. The aecidia 
and spermogonia of this species are found on the leaves of the Barberry {Merhcris 
mlgaris). . In the spring the hibernating double teleutospores give rise to trans- 
versely septate basidia, from which the four basidiospores are abstiieted (Fig. 
403, 2). These are scattered by the wind, and if they fall on the leaves of the 



Pig, 400. — Phragmidium, violamm. A, 
Portion of a young aecidium ; st, 
steriUi cell ; a, fertile cells ; at 02 
the passage of a nucleus from the 
adjoining cell is seen. JS, Formation 
of the lirst spore, -mother-cell snij, 
from, the basal cell a of one of the 
rows of spores, G, A further stage in 
which from sr% the first aecidiospore 
(a) and the intercalary cell (s) have 
arisen; S'm 2 , the second spore-niother- 
cell. D, Rij>6 aecidiospore. (After 
Blackman.) 
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Fig. 40'7.-~Fhm(imidium speciosvm.- The first rudiment of an aecidium beneath the epidermis of 
a leaf of Rosa, JB, The division of the end-cell of a liypha into the upper, transitory, sterile cell 
and the lower fertile cell. O', Conjugation of two adjoining fertile cells. D, Later stage in which 
the first nuclear division is completed. E, Abstriction of the first aecidiospore rnotlier-cell. F, 
Chain of aecidiospores (oti, a.J) separated by intercalary cells (^ri, 2 * 2 ) ; sm, the last-formed sporc- 
mother-cell still undivided. (After Ciihistman.) 

thus the rust may appear in the spring -without the previous formation of 
basidiospores or of aecidia (^^0* ^ 

All Uredineae do not exhibit so complicated a course of development as PiMCcinia 
grmiinis. Rust fungi which produce all the forms of spore are termed eu-forms ; 
those without uredospores, opsis- forms; those without aecidia, brachy - forms ; 
those without aecidia and uredospores, micro-forms. In those Uredineae which 
no longer possess aecidia and spormogonia, the cells of the vegetative mycelium 
arising from the basidiospore are uninucleate, but subseq^uently, before the 
formation of the tele utos pores, binneleate cells are found. The binneleate 
condition is attained, as has already been shown for several species, in the 
preparatfon for the development of the first uredosporos or, when these are 
w'antiog, for the first teleutospores {ejj, in Fxhcdnm Malmcearum), It results 
from the conjugation of two cells, as has already been described for the developing 
aecidium. This supports the homology of the three kinds of spore. 

The genus Poidophyllum (®^), the species of which are parasitic on Sempervimm 
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and on MupJiorUa, is simpler than the other Uredineae and forms neither 
uredospores nor teleutospores. The mycelium proceeding from the basidiospore 
consists of uninucleate cells and forms sperm ogonia and aecidia. The binucleate 
condition is attained as in Phragmidmm by cell-fusions of the cells that will then 
give rise to the chains of aecidios pores. The mature aecidiospores behave like the 
teleutospores of the other Uredineae ; their two nuclei fuse, and the spore germinates 
to form a basidium bearing four uninucleate basidiospores. This is preceded by 
a Teduction division of the nucleus (I’ig. 408). Possibly be 

regarded as a primitive form. Oaeoma nitem behaves in the same manner 


Order 3. Auricularieae 

The basidia, as in the case of the Uredineae, are transversely septate, witli 
four spores. Only a few forms are included in this order. Among the most 


; :‘A . 

< h’U y. f : 





Fig. 408. — Ewlophylluni Sempervivi. 
Af Young aecidiospore, still bi- 
nucleate. B, Mature uninucleate 
spore. C, Germinating spore the 
nucleus of which has divided to* 
form two. D, Aecidiospore which 
has germinated to form a young 
four-celled basidium. (After Hoit- 



Fig. A09.--.E^ohasidi}m Vaccinii. Transverse section 
through the i)erij>hery of a stem of Vaccinium. ep, 
Epidermis ; p, cortical parenchyma ; m, mycelial hyphae ; 
6', protruding basidia without sterigmata; h", with 
rudimentary sterignuita ; with four spores. ( x 620. 
After WORONTN.) 


familiar is Atirimlaria sambtmnd (Judas’s ear), found on old Elder stems. 
It has gelatinous, dark brown fructifications, which are shell-shaped and bear 
on their inner sides the basidial hymenium. 

Order 4. Tremellineae 

The basidia are longitudinally divided (Fig. 398). The hymenium is' situated 
on the upper surface of the fructifications, which are generally gelatinous and 
irregularly lobed or folded. The few genera included in this order are saprophytic 
on decaying wood and tree-trunks, pn the surface of which the fructifications are 
produced. 
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Order 5. Exobasidiineae 

Ko distinutive fructifications are formed, and the basidia spring in irregular 
groups direct!}^ from the myceliiirn. They bear four spores on slender stcrigmata. 
Kcuhcmdiuia Vaccinii may .be taken as a type of this form. The mycelium of 
this fungus, which is widely spread in Europe, is parasitic on the Ericaceae, 
especially on species of Faecinumi; it causes hypertrophy of the infected parts. 
The basidia are formed in groups under the epidermis, which tliey finally rupture 
(Fig. 409). In this genus, as in many others, accessory fructifications are developed, 
and spindle-shaped conidia gp 

are abstricted iTom the my- ‘ ^ 

celium on the surface of the 

host plant, before the forma- ^ 

tiou of the basidia. W X / \ 

Orders. Hymenomycetes ('^) X / ' 1 's' 1^, 

The basidia are undivided, ^ J 

and bear four spores at 1he r* i |\r- l( \ ’ T i\A' \ 'j/ ^ rKP 
apices of slender sterigmata t M'.’ \ ' /I lV\ 'A fX/ 

(Fig. 410 sp). They are 1\ \ \\' * \ / 1 '/ ‘Y 'll 

produced on fructifications, \ .w \ u) V \ ^ 'iJCj "'fl mm j 
which bear definite hymenial \ ' pA J 

layers, composed, in addition A Y\ 

to the basidia, of paraphyses j, 

(Fig. 410 p)^ and also of 
sterile oystidia (c) or club- 

shaped tubes cbaracterised \.-r^ 

by their larger diameter and _ ^ , , „ . . ^ , 

^ 1 . 'U. 1 .11 ^'^O.—JinssvZa ruhm. Portion of tlie hymemimi. sh, 

more strongly tiiickenea w all. Sub-hymenial layer; &, basidia ; s, sterigmata ; sp, spores ; p, 

The four spores are pro- paraphyses ; c, a cystidium. (After STRASBUEOFiR. x 540.) 
jected from the sterigmata , 

by means of the osmotic pressure of the basidium to a distance of about xV ; 
they readily adliere to any surface.. The paraphyses by separating the basidia 
facilitate the free shedding of the spores. The cystidia, according to Knoll, are 
organs for secreting water and mucilage. They may have other functions in 
particular cases ; thus in Coprinus they hold apart the gills and ensure the free fall 
of the spores (‘^^). 

In the Hyunenomycetes, as in the most nearly related orders, special sexual 
organs are wanting and the basidia correspond to the asci of the Ascomycetes, and 
like these have, to begin with, two nuclei which then fuse. The question thus 
arises in what way tlie binucleate, condition of the young basidium is brought 
about and wbat homologies exist with Ascomycetes in the course of development (®'^). 

More recent investigations, especially those of Kniep, have shown that in many 
Hyriienomycetes a mycelium consisting of uninucleate, cells is developed from the 
uni- or bi-nucleate basidiospores ; that sooner , or later, before the formation of the 
fructification the binucleate condition is attained,; that the pairs of nuclei show 
conjugate division; and that the binucleate condition is associated with the 
peculiar formation of clamp connections until, the formation of tlie basidia. The 
clamp connections arise in the same way , on the vegetative hyphae composed of 
elongated cells and on the shorter and stouter hyphae from which the hymeniiim is 
formed. In both cases a short protrusion forms about the middle of a terminal cell 
of a hypha (Fig. 411, 1). One of the tw</^ nuclei passes into the protrusion 


462 


BOTAT^TY 


PAHT II 


and divides these (2, 3) simnltaneously with the otlier ruicleiis of the pair. A 
transverse wall then forms just beneath the i3rotrusion. The upper nucleus 
from tlie latter passes into the terminal cell of the filament, while the lower 

remains in the protrusion. This 
then becomes cut off from the 
terminal cell by a wall and 
fuses with the cell beneath into 
which the ''nucleus;'; passes. : :By 
means of this claiiip connection 
each of the two cells thus obtains 
a pair of nuclei derived from tbe 
original 'pair. It is possible that 
the significance of this round- 
about process lies in its ensuring 
the distribution of the sister nuclei 
to the two cells. The binucleate 
terminal cell gives rise to the 
basidium. The two nuclei fuse 
with one another and the resulting 
nucleus divides to give rise to the 
four nuclei for the spores (Fig. 411, 
0 , 6 , " 7 ). ■ 

This clamp formation eorre- 
sponds, according to Kniep, to the 
hoolt-shape assumed in the develop- 
ing ascus of many Ascomycetes ; 
this is, however, limited to the 
ascogenous hyphae. Both grotipB V 
contai n form s witli out sucli arrange- 
ments, the developnieht of the 
basidium or the ascus proceeding 
directly from the binucleate ter- 
minal cell of a hyplia. 

In the case of some BasidiG- 
mycetes the n ucleus of the hasidio- 
Clamp formation and spore divides into twm 

, mycelium with, binucleate cells 

Of cla,„p formation in the ooll j j. , 

One nucleus passing into the protrusion. S, ^ ^ • rm 

Gonjugata luicloar division. 4, Chimp -cell and olamp formation. The genus 
stalk-cell separated from the young basidium. 5, Hypochnus behaves in this simpler 
Fusion of the two nuclei. H, Basidium with single fashion according to Kniep. 

naeleus re*iulting (K,m fusion binnoleate mycelium re- 

With the four basidiospore nuclei and the developing ^ 

sfcerigmata. (After H. Kniep.) presents the diploid phase. The 

haploid stage commences in the 
basidium. Its end is indicated by the commencement of clamp connections, 
but in Ifypochnus it is limited to the uninucleate stage of the basidiospore. As 
a result of the suppression of the sexual organs an alternation of generations is 
no longer present. It can at most be inferred from a phylogenetic point of view. 

Most of the Hyrnenomyeetes .develop their profusely-branched mycelium 
in the humus soil of forests, in decaying wood, or on dying tree trunks, and 
produce fructifications, commonly known- as toadstools, protruding from the 



Fip. 4ill.--~ATmiU.ana mucida. 
develoi>nierit Qf the basidium. 
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substratum. The mycelium of the forms vegetating iu the soil spreads farther 
and farther, and dying in the centre as it exhausts the food material of the 
substratum, occupies continually-widening, oonoentric zones. In consequence of 
this mode of growth, where the development has been undisturbed, the fructifica- 
tions, which appear in autumn, form the so-called fairy rings. A few Hymeno- 
mycetes are parasitic, and vegetate 

in the bark or wood of trees. ’ no hf ('q 

The H y m e n 0 m y c e t e s are 1 ’ 1 ' 

further classified according to the 
increasing complexity exhibited ^x\ 
in the structure of their basidial ^ 

1. In the group of the Thele- 

phoreae, distinctive fructifica- \\ \\ \ /'Clf 

tions of a simple type are found. \ \ \1 k j . 'mt/i'S 

They form on the trunks of trees t '% \ • wwiS 

either fiat, leathery incrustations '' ' ) lifW 

bearing the liymenium on their V /A ■'W I '§ 

smooth upper surfaces; or the 
flat fructifications become raised 
above the substratum and form 

bracket -like projections, which Fin. 412.— C'Zamna 6otn/w. (Xafc. size.) 

frequently show an imbricated 

arrangement, and bear the liymenium on the under side {e,g, Steremn hirsutmn, 
common on the stems of deciduous trees). The edible CraUrdlns corniLco^ioides 
has peculiar black funnel-shaped fructifications. 

2. The friictificatioris of the Clavarieae form erect whitish or yellow-coloured 
bodies, either fleshy and club-shaped or more or less branched, in a coral-like 

^ fashion. The larger, profusely- branched 

^ ^ forms of this group are highly esteemed 

for their edible qualities; in particular, 
i Clmaria flam, wdiose fiesliy, yellow- 

coloured fructifications are often ten centi- 
i^etres high, also Clamria lotryiis (Fig. 
wMch has a pale red colour. Spar as- 
j/ ''’flillll sis crispa, which grows in sandy soil in 

[ lllil Pine woods, has fructifications half a metre 

• y in diameter, with compressed, leaf- like 

I P’lwmi Hydneae have fructifications 

♦ with spinous projections over which the 

hymenium extends. In the simpler forms 
the fructifications have the apjjearance 
Fro. 41B.~-Hydnum npandum. (Reduced.) of incrustations, with spinous outgrowths 

projecting from the upper surfa<‘,e ; in 
other cases they have a stalk, bearing an umbrella-like expansion, from the under 
side of wiiich the outgrowths depend. The latter form is exhibited by the edible 
fungi ffydnum hribricaUim, which has a brown pileus 15 cm. wide, with dark scales 
on the upper surface, and Hydntim o'eyandtem (Fig. 413), with a.yellowisli pileus. 

4. In the Polyporeae, a group containing numerous species, the stalked or 
sessile and bracket-shaped fructification.s are, indented on the under side with pi|^- 
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like depressions, or deep winding passages, or covered wdth a layer of tubes 
fitted together and lined by the hymenium. To this family belongs th 
BoMm, occurring on the soil of woods, wdiich has a large, thick -stalked 


Fto. 4-U. —Boleius Satanas. (After Krombhoj.z, .1 nat. size.) Poltio^^OL’S. 

covered on the under side with a layer of narrow dependent tubes. Although 
many species of this genus are edible {e.g, B. eduUs^ B, hadiusy B. eleganSy and 
B. lutms)y others are exceedingly poisonous, in x->articular B, Satanas (Fig. 414). 


Fi(., 415.— Fomas igniarlus. Section through an old Fio. 416 . — PsalUota (=Aga~ 

fructitication, .showing annual zones of growth, a, ricm caynpeatris). Mushroom. To 

Point of attachment. (1 nat. .size.) the right a young fructification. 

(Reduced.) 

The stalk of the latter fungus is yellow to reddish-purple, or lias red reticulate 
markings, while the pileus, which may be 20 cm. wide, is yellowish -browm on its 
upper surface, hut on the under side is at first blood-red, becoming later orange- 
red, B. felleus is unpleasant on account of its bitter taste ; it differs from B, ednlis 
in having bright rose - coloured tubes. Of the numerous species of the genus 
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PolyporuSi Polyporus officmalis, with an irregtllarly tuberous white fructification, 
occurs on Larches in South Europe ; it contains a bitter resinous substance and 
is also used in medicine. The mycelium of Pohnen fomentarius, Touch-wood, is 
parasitic in deciduous trees, especially the Beech, and produces large, bracket 
or hoof-shaped, perennial fructifications, 30 cm. wide and 15 cm. thick. They 
have a hard, grey, external surface, but inside are composed of softer, more loosely- 
woven hyphae, and were formerly used for tinder. The narrow’ tubes of the 
hynienium are disposed on the under side of the fructifications in successive annual 
Pomes igniarius (Fig. 415), 


which is often found on Oaks, and 
has a similar structure, has a rusty- 
brown colour, and furnishes, since 
it is much harder, a poorer quality 
of tinder. 

Many parasitic Polyporeae are 
highly injurious to the trees at- 
tacked by them j thus Pomes annosus 
often causes the death of Pines and 
Spruce Firs, Merulius lacrymans 
the Dry Rot fungus, is an exceed- 
ingly dangerous saprophytic species 
only rarely found wild in woods, but 
attacking and destroying the timber 
of damp houses, especially coniferous 
wood. The mycelium of this fungus 
forms large, white, felted masses 
with firmer branched strands which 
serve to conduct water and food 
substances. The hyphae have clamp 
connections. It gives rise to out- 
spread, irregularly-shaped, pitted 
fructifications of an ochre or riisty- 
hrown colour, and covered wdth a 
hymenial layer. Good ventilation 
of the infected space ‘and dryness 
are the best remedial measures. Merulius Silvester which occurs in woods is a 
related form. 

5. The Agaricineae, which include the greatest number of species, have stalked 
fructifications, commonly known as Mushroonqis and Toadstools. The under side of 
the pileus bears a number of radially-disposed lamellae or gills which are covered 
with the basidia- producing hymeiiium. In the early stages of their formation the 
fructifications consist of nearly spherical masses of interwoven hyphae, in which 
the stalk and pileus soon become differentiated. Many Agaricineae develop a 
so-called velum, consisting of a thin membrane of hyphal tissue which extends 
in young fructifications from the stalk to the margin of the pileus, but is after- 
wards ruptured, and remains as a ring of tissue encircling the stalk (Fig. 416). 
In Amanita (Figs. 417-419) the rudiments of the stalk and pileus are at first 
enclosed in a loosely- woven envelope, the volva. In the course of the further 
development and elongation of the stalk the volva is ruptured, and its torn 
remnants form a ring or sjheath at the base of the stalk, and in many cases are still 
traceable in the white scales conspicuous on the surface of the pileus. 


Pio. ^^I.—Ainanitamuscarm. (J nat. sizoi.) Poisomus. 
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j\lany of the Mushrooms found growing in the woods and fields are highh' 
esteemed as articles of food. Of edible species the following may be named : the 
common Field- Mushroom, now extensively cultivated, Psallwia caDqKstHs (Fig. 
416), with -whitish pileus and lamellae at first white, then turning flesh-colour, 
and finally becoming chocolate -coloured ; Cmitharellus dharius, having an orange- 
coloured pileus ,* Ladaria deliciosa, which has a reddish-yellow pileus and contains 
a similarly -coloured milky juice in special hyphal tubes; Ladaria wlema, has a 
brownish-red cap, a stout stalk, and white milky juice ; Tndioloma equestre lias 
the upper side of the pileus yellowish brown while elsewhere it is of a sulphur- 
yellow colour ; Lepiota pTOcerd, whose white pileus is flecked with brown scales ; 


Fio. 418 . — Amanita phalloUies, nat. size.) 

FA'nr PoisoA'-oas. 


Amanita cae-sarea with an orange pileus bearing a few white scales and yellow 
lamellae. The brownish fructifications of Armillaria melUa are also edible: 
This species is a very injurious parasite, especially in Pine woods ; its mycelium 
is characterised by the production of photogenic substances which cause the 
infected wood to appear phosphorescent in the dark (®). The mycelium forms, as 
a resting stage, blackish branched strands (rhizomorphs) beneath the bark or 
between the roots of the host plants. 

Of the poisonous Agaricineae the following are best known : Amanita mnscaria 
(Fig. 417), with white lamellae ; Amanita phalloides (Fig. 438), often confounded 
with the Mushroom, with lighter, or darker green pileus ; A, mrna, -with white 
pileus, and A. mappa (Fig. 41&), yellow or yellowish white. Ail three have white 
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gills and a swollen base to tlie stalk, whicb in the two first -named species 
bears a large lobed slieath. Ilussula cmetica^ with a red pileus and white 
lamellae ; Lactaria torminosa having a shaggy, yellow or reddisli-browni pileus 
and white milky j nice. 

Mzites gongijlophora, found in South Brazil, is of special ecological interest. 
According to A. Mollee,, this species is regularly cultivated in the nests of the 
leaf-ciU;ting ants. Its mycolinm produces spherical swellings at the ends of the 
hyphae, wiiicii become filled wdth protoplasm, the so-called Kohl-rabi heads, and 
serve the ants as food-material. The ants prevent the development of the accessory 
conidial fructifications peculiar to this fungus, and thus continually maintain the 
mycelium in their nests in its vegetative condition. The fructifications, which 
rarely occur in the nests, resemble those of Amanita muscaria^ with which Rozites 
is nearly allied. According to Holtekman, the mycelium of AgaHcus rajah is 
cultivated in their nests by termites in tropical Asia 

Economic Uses. — Polyporus fomentarius (fungus chiruiigoilum). Polyporus 
qf/LcinaUs { = .Bo?etus larkis) gives agaeicus albus, agaeicinum, and acidum 

AGARIC I NUM. 

Order 7. Gasteromycetes (^‘^) 

The Gasteromycetes are distinguished from the Hymenomycetes by their closed 



Fio. 4*20 . —^5 Scleroderma vxdgan, fructification. Basidia of same. (After Tulasne.) 

,% Lyeoperdon yemniatum. 4, Geaster granulosus. (1, 3, 4, nat. aiae ; enlarged.) 

fructifications, which open only after the spores are ripe, by the rupture of the 
outer hyx>hal cortex or peeidium. The spores are formed within the fructifications 
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in an inner mass of tissue termed the gleba ; it contains numerous chambersj 
which STC either filled with loosely-interwoven hyphae with lateral branches 
terminating in basidia, or their walls are lined with a basidial hymenium. 

The Gasteromycetes are saprophytes, and develop their mycelium in the humus 
soil of woods and meadows. Tlieir fructifications, 
like those of the Hymenomycetes, are raised above 
the surface of the substratum, except in the group 
of the Hymenogastreae, which possesses subter- 
ranean, tuberous fructifications resembling those of 
the Tuberaceae. 

The fructifications of Sokrodermi mlgare 
420, 1) have a comparatively simple structure. 
They are nearly spherical, usually about 5 cm. 
thick, and have a thick, light brown, leathery 
peridium which finally becomes cracked and rup- 
tured at the apex. The gleba is black when ripe, 
and contains numerous chamhers filled with inter- 
woven hyphae which produce pear-shaped basidia 
with four sessile spores (Fig. 420, 2). This species, 
which is considered poisonous, is sometimes mistaken 
for one of the Truffle Fungi. 

The genera Bomsta snid Zycoperdon {"Fig, 420, 3) 
(Puffballs) have also spherical fructifications, which 
are at first white and later of a brown colour. In 
the last-named genus they are also stalked, and in 
the case of Lyco^urdon Bovista may even become half 
a metre in diameter. The peridium is formed of two 
layers ; the outer separates at maturity, while the 
inner dehisces at the summit. The hymenial layer 
of basidia, in the fungi of this group, lines the 
chambers of the gleba. The chambers are also pro- 
vided with a fibrous capillitium consisting of 
brown, thick- walled, branched hyphae which spring 
from the walls, and aid in distributing the spores. 
The fructifications are edible while still young and 
white. When mature they contain urea. 

In the related genus (Earth-star) (Fig. 

Pig. peridia of the nearly spherical fructifica- 

tions are also composed of two envelopes. When 
the dry fruit dehisces, the outer envelope splits into several stellate segments, 
and the inner layer of the peridium becomes perforated by an apical opening. 

The highest development of the fructifications is exhibited by the Phalloideae 
of which (Stink-horn) is a well-known example. This fungus 
is usually regarded as poisonous. It was formerly employed in a salve as a 
remedy for gout. Its fructification recalls that of the discomycetous Morcliella, 
but it has quite a differenj manner of development. A fructification of this 
species of Phallus is about 15 cm. high. It has a thick, hollow stalk of a white 
colour and perforated with pores or chambers. Surmounting the stalk is a bell- 
shaped pileus covered with a brownish-green gleba which, when ripe, is converted 
into a slimy mass (Fig. 421). When young the fructification forms a white, egg- 
shaped body, and is wholly enveloped by a double- walled peridium with an inter- 
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mediate gelatinous layer. Within tlie PEEiiDiiJM (also termed yolva) the hyplial 
tissue liecuines ditfereiitiated into the axial stalk and the bell-shaped pileiis, carry- 
ing the gleba in the form of a mass of liyphal tissue, which contains the clianibers 
and basidial hymenium. At maturity. the stalk becomes enormously elongated, 
and pushing tlirough the ruptured pendium raises the pileus with the adhering 
gleba liigli above it. The gleba then deliquesces into a dropping, slimy mass, 
which emits a carrion-like stench serving to attract carrion- hies, by whose agency 
the spores embedded in it are disseminated. 


Liehenes (Liehens) (h sr-oi^ 

The Lichens are symbiotic organisms ; they consist of higher 
Fungi, chiefly the Ascomycetes, more rarely Basidiomycetes, and uni- 
cellular or filamentous Algae (Cyanophyceae or Ghlorophyceae), living 
in intimate connection, and together forming a compound thallus or 
C 0 N 80 RTIUM. Strictly speaking, both Fungi and Algae should be 
classified in their respective orders; but the Lichens exhibit among 
themselves such an agreement in their structure and mode of life, 
and have been so evolved as consortia, that it is more convenient to 
treat them as a separate class. 

In the formation of the thallus the algal cells become enveloped by the mycelium 
of the fungus in a felted tissue of hyphae (Fig. 422). The fungus derives its 

nourishment sapropliytically from ^ ,, 

the organic matter produced by the 
assimilating alga; it can also send 
haustoria intojthe algj cells, and 

alga, on the contrary, derives a 

sortism with the fungus, receiving 
from it inorganic substances and 
water, and probably organic sub- 

stances also. oA <3 nO 0 '' o n n “oTo T.D o o 

The main advantage in this 
miitualistio symbiosis is probably 

on the side of the fungus. This is ' ^ 

especially the case in those Lichens 422.— a-imna islandica. Transverse section 

whioli grow on bare rock, while in 

, T . , surface ; ur, of tlie lower surface ; m, medullary 

those growing on humus soil or on containing the green cells of the Alga. CWorc 

the hark of trees the fungus can, coccwyilmicola. (x 272.) 

in part at least, derive its food sapro- 

phyticaily from the substratum. The Alga, however, exhibits active multiplica- 
tion, and both it and the fungus can, as a result of the symbiosis, succeed in 
situations where neither could live alone. 

The numerous Lichen acids, which are wanting only in the gelatinous Liehens, 
are j)roducts of metabolism peculiar to the group': Their production is due to the 
mutual chemical influence of the alga and fungus. They are deposited on the 
' ^ ’ • , ' ; 2’H2 ‘ 


470 


BOTANY 


PART II 


surface of tlie liyphae in the form of crystals or granules. Their supposed use as 
a protection against snails appears, according to Zopf, not to hold generally 

The Lichens are distributed in numerous species over the whole earth. Tliey 
extend further than even the Mosses towards the poles and towards mountain 
summits. They attain their maximum development in moist Alpine regions where 
they sometimes cover the soil, rocks, and tree- trunks with a colonial vegetation 
or hang in beard-like masses from the branches of the trees. In the Arctic regions 
they may cover the soil and give rise to extensive tracts of Lichen tundra. 

The simplest Lichens are the filamentous, with a thallus con- 
sisting of algal filaments interwoven with fungal hyphae. An example 
of such a filamentous form is presented by Ephebe puhescens, which is 
found growing on damp rocks, forming a blackish layer. 

Another group is formed by the gelatinous Lichens, whose 
thallus, usually foliaceous, is of a gelatinous nature. The algae 
inhabiting the thalli of the gelatinous Lichens belong to the families 
of the Ohroococcaceae and Nostocaceae, whose cell walls are swollen, 
forming a gelatinous mass traversed by the hyphae of the fungus. 
The genus GoUenm is a European example of this group. 

In both the filamentous and gelatinous Lichens the algae and 
the fungal hyphae are uniformly distributed through the thallus, 
which is then said to he unstratified or homoiomerous. 

The other Lichens have stratified or heteromerous thalli. The 
enclosed algae are usually termed gonidia. They are arranged in a 
definite gonidial i.ayer, covered, externally, by a cortical layer, 
devoid of algal cells and consisting of a pseudo-parenchyma of closely- 
woven hyphae (Fig. 422). It is customary to distinguish the three 
following forms of heteromerous Lichens : Crustaceous Lichens, 
in which the thallus has the form of an incrustation adhering closely 
to a substratum of rocks or to the soil, which the hyphae to a certain 
extent penetrate. Foliaceous Lichens (Fig. 426), whose flattened, 
leaf-like, lohed or deeply-cleft thallus is attached more loosely to the 
substratum by means of rhizoid-like hyphae (rhizines), springing either 
from the middle only or irregularly from the whole under surface. 
Fruticose Lichens (Fig. 424) have a filamentous or ribbon-like thallus 
branched in a shrub-like manner and attached at the base. They are 
either erect or pendulous, or may sometimes lie free on the surface of 
the substratum. 

In nature the germinating spores of the Lichen Fungi appear to 
be capable of continuing their further development only when they 
are enabled to enter into symbiosis with the proper gonidia. For a 
few genera of Lichens, however, it has been determined that the 
fungi sometimes exist in nature withorit the presence of the algae ; it 
has been shown that the tropical Lichen Cora pavonia (Fig. 431), 
whose fungus belongs to the order Hymenomycetes, may produce 
fructifications even when deprived of its alga ; these have a form 
resembling those of the fungal genus Thelephora. Mycelia have 
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also been successfully grown from the spores of certain Licliein 
forming i\.scomycetes, cuUivated without algae and supplied with a 
proper nutrient solution. 

hlany Lichens are able to multiply in a purely vegetative manner, 
by means of loosened pieces of 
the thallus, which continue their 
growth and attach themselves to 
the substratum with new rhizines. 

The majority of the heteromerous 
Lichens possess in the formation 
of SOREDIA another means of 
vegetative multiplication. In this 
process, small groups of dividing 
gonidia become closely entwined 
with mycelial hyphae and form 
small isolated bodies which, on 
the rupture of the thallus, are vm. m,~Pasmdia viiysodc,. 

scattered ill great numbers by Formation of soredia; &, single sorodimn. 
the wind and give rise to new 

Lichens. Frequently the soredia arise in circumscribed receptacles 
(Fig. 423). 

The fructifications of the Lichens are produced by the fungi, not 
by the algae, which are always purely vegetative. 


1, Aseoliehenes 

Only a few genera of Lichens have flask-shaped perithecia, the fungus be- 
longing to the Pyrenomycetes {EndocarpoUi Feirucaria), Most genera produce, as 
the ascus-fruit of their fungus, cupular or discoid apothecia, sessile or somewhat 
sunk in the thallus. In structure they resemble those of the Discomycetes, and 
bear on their upper side an hymeniura of asci and paraphyses. One of the 
commonest species of friiticose Lichens belonging' to this group is Usnea harhata, 
the Beard Lichen, frequently occurring on trees and having large fringed apothecia 
(Fig. 424). Ramalina fraxinea^ which has a broad ribbon- shaped branched thallus 
and grows on trees, and the numerous species of Roccella found on the rocks of 
wanner coasts, have similar apothecia. Cctraria isltmdicaj Iceland Moss (Fig. 425), 
occupies an intermediate x^osition between the fruticose and foliaceous Lichens. 
It has a divided, foliaceous, but partially erect thallus, which is of a light bluish- 
green or brown colour, whitish on the under side, and bears the apothecia 
obliquely on its margin. This Lichen is found in mountainous regions and in the 
northern part of the Northern Hemisphere. The numerous species of Ta/rinelia 
(Fig. 426) are foliaceous Lichens growing on trees and on rocks. Graf)iis m'i'pia 
s a well-known example of the criistaceous Lichens ; its greyish- white thallus 
occurs on the bark of trees, particularly of the Beech, on whose surface the 
apothecia are disposed as narrow, black furrows resembling writing. 

A peculiar mode of development is exhibited by the genus Cladonia^ whose 
primary thallus consists of small horizontal scales attached directly to the ground ; 
from tills thallus springs an erect portion, the podetium, of varying form and 
" , ■ 2 H 3 . 
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structure in the different species. In some cases the podetia are stalked and 
funnel-shaped, bearing on the margin or on outgrowths from it knob-like apotliecia. 
which in G. pyxidata are brown, in C. coedfem (Fig. 427) bright red. In othei’ 



Fig. 424.-— harhata. ap, Apotheeium 
(Nat. size.) 


•Ceiroria islmuHca. ap, Apotliecmm. 
(Nat. size.) Official. 


species the erect podetia are slender and cylindrical, simple or forked ; in 0. rangi- 
ferim, Reindeer Moss, which has a world-wide distribution, particularly in the 
tundras of the North, the podetia are finely branched (Fig. 428), and bear the smal 

• brown apothecia at the ends of the branches. 

The primary thalluvS of this species soon dis- 

The asous fructifications (ai}othecia or 
perithecia) of the Lichens originate, ' as 
Stahl and, more recently, Baur (®^) have 
shown, from carpogonia or female sexual 
organs which are frequently present in 
large numbers on young lobes of the thallus. 
The carpogonium (Fig. 429) is here a multi- 
cellular filament, the lower part of which 
,is spirally coiled, while it continues above 
into a trichogyne composed of elongated 
cells and projecting from tbe surface of 
the thallus. All the cells are uninucleate 
and communicate with one another by 
means of pits. Those of the low'er part of 
the filament contain abundant protoplasni. 
Apart from their riiulticellular nature these structures recall the carpogonia found in 
the Florideae. The spermatia which originate in speniiogonia (Fig. 430) are presum- 
ably the male sexual cells. The spermatia develop in ditferent ways-C^'^. In some 
cases the inner wall of the spermogonium is lined with simple or branched hyphal 
branches from the ends of which the, spermatia are abstricted {Peltigem, Parmelia). 
In other cases the spermogonium is at first filled with a hyphal tissue in whicli 


rarmelia aceiahiilmn ; grows on 
trees. (After Reinke.) 


Vb, ; 
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Live formed later and the sperraatia arise on verj" small and thin stalks 
from the cells lining the cavities {Anapfijchia, Physcia, SticUt), The spermatia, 
embedded in a slimy mass, are slied from the spermo- 
gonium and conjugate with the adhesive tip of the 
trichogyne (Fig. 429 i?). After conjugation the 
•I '"ip spermatia appear empty and tlieir nucleus has dis- 

t’f appeare<h When this has taken place the cells 


4iJ!7. — Cludov m coccifera, 
t, ifSciilcs of x>rimary 
tliallus. (Nat. size.) 


Fio. 428 . — ClaOmia rangiferina. sterile ; B, with 

ascus-fruits at the ends of the branches. (Nat. 
size.) 




i . 42i », — CoUema criapu'iti. A , 
carx^ogoniinn (e) witli its 
trichogyne {t) ( x 405). i/, 

ajjiex of the trichogyne 
with the sperniatinm (s) 
attached (x 1125). (After 
B. Bade.); 


Fio. 4B0.~~AnapttfcUa cUiaris. Rijie spermogoniiun. The 
dark round bodies within the thalhis are the green algal 
cells. (X 192. After G-LtioK.) 


of the trichogyne collapse, while the cells of . the coiled carpogonium swell, 
undergo divisions, and form the ascogonium. From the latter the ascogenous 
hyphae which bear the asci are produced. The vegetative^ hyphae composing 
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the iTiictifKiation and the ])araphyses originate from hyphae which arise below the 
carpogoniiim. The fructification may arise from one or from several carpogonia. 
TIic behaviour of the sexual nuclei requires further investigation. Such carpogonia 
have been shown to give rise to the fructifications in a large number of genera. 
Ill other genera {FeUigera, Solerina) they are reduced, the trichogync is wanting, 
and the reproduction is apogamous. Sperniogonia are as a rule not found in those 
cases, or are, as in the case of clearly degenerating structures. It 

has been shown by A. Mollek that the spermatia of Lichens can germinate and 
produce a mycelium ; but this is not inconsistent with their primitively sexual 
nature. ■ 

The behaviour ' of OolUma ^pulpos'wm is very remarkable. According to 
F. BACHMANisr the spermatia arise in the interior of the thallus in small groups 
oil the hyphae, and do not become detached. The elongated terminal cell of the 
trichogyne remains in the thallus but grows towards the spermatia and fuses 
with them 

2. Basidioliehenes (Hymenolieehnes) 

The Hymenolichenes are represented by Gora pmonia^ of which the genera Dictyo- 
nemet and Laudatea are only special growth forms. This Lichen is widely spread 

in the tropics, growing on the soil or on 
trees. The fungus„of this Lichen belongs 
to the family Thelephoreae (p, 463) ; its 
flat, lobed, and often imbricated fructi- 
flcatioiis are also found entirely devoid 
of Algae. In symbiosis with the uni- 
cellular Alga it forms the 

fructifications of Cora pawiniia, (Fig. 
43 1 )y resembling those of the Thelephoras 
with a channelled, basidial liymeniiim 
on the under side. Associated sym- 
biotically, on the other hand, with fila- 
ments of the blue-green Scytommai 

if tbe Fungus preponderates, it produces 
the bracket-like Lichens of the Dictyo- 
iiema form , found projecting from the 
branches of trees with a semicircular 
or nearly circular tliallus, having the 
hymenium bn the under side. When 
the shape of the thallus is determined by the Alga, a Lichen of the Laudatea 
form occurs as felted patches of fine filaments on the bark of trees, with the 
hymenium on the parts of the thallus which are turned away from the light. 

Official. — The only representative of the Lichens is Cetraria islandica 
(Lichen islandicxts). Loharia pulmonaria is also used in domestic medicine. 

The Manna Lichen {Lecanora esoulenta) is a crustaceous Lichen that often 
covers the ground to a depth of 15 cm. in the Steppes and Deserts of Southern 
Russia, Asia Minor, and North Afi’ica. The thallus falls into pieces the size of a 
pea, and is thus readily swept by the wind ,; it is used by the Tartars, who prepare 
earth-bread from it. Cetraria islandica also, when the bitter substances are 
removed by washing, may, owing to the abundant carbohydrate material (Lichen 
starch) it contains, be used to make bread, as well as to prepare jelly. Gladonia 
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I'migiferina is important as aflbrding food for the Eeindeer, and after the re- 
moval of bitter substances can be used as fodder for cattle. Alcohol is obtained 
from it ill Norway. 

Some species particularly rich in Lichen acids are used in the preparation of 
the pigments orseillo and litmus; there are in the first place species of Rocoella 
(es2iecialiy R. Montcignei, R. tmcioria, R, and R. phyco^^sis) which are 

collected on the coasts of the warmer oceans, and the crustaceous lichen, OchroUcJiict 
in North Europe and America. 


IL BRYOPHYTA (MOSSES AND LIVERWORTS) ^2, 93111) 

The Bryophyta or Muscineae comprise two classes, the HejjaUcae or 
Liverworts, and the Ahisci or Mosses. They are as regards their 
general segmentation Thaliophyta, but are distinguished from them 
by the characteristic structure of their sexual organs, antheridia 
and ARCHEGONIA, which are similar to those of the Pteridophyta. 
The Bryophyta and Pteridophyta are accordingly, in contrast to the 
Thaliophyta, referred to collectively as Arcliegoniatae. 

The Bryophytes as well as the Pteridophytes reproduce also 
asexually by means of spores provided with cell walls and adapted 
for dissemination through the air. These two modes of reproduction, 
sexual and asexual, occur in regular alternation, and are confined to 
sharply distinct generations ; a sexual (gametophyte), provided with 
sexual organs, and an asexual (sporophyte), which produces spores. 
The sexual generation arises from the spore, the asexual from the 
fertilised egg. The number of chromosomes in the nuclei of the 
sporophyte is twice as great as in the nuclei of the gametophyte. 
The double number is acquired in the fusion of the sexual nuclei, 
while the reduction to one-half takes place in the division of the 
spore -mother- cells. This regular alternation oe generations is 
characteristic of all Archegoniatae. In the Bryophyta the plant is 
the haploid generation, while the stalked capsule is the diploid 
sporophyte. In the Pteridophyta the gahaetophyte is a small thallus, 
while the sporophyte is a large cormophytic plant. 

In the development of the sexual generation, the unicellular 
spore on germinating ruptures its outer coat or EXINE, and gives rise 
to a germ-tube. In the case of the Hepaticae the formation of the 
plant at once commences, but^ in most of the Musci a branched, 
filamentous protonema is first produced, composed of cells containing 
chlorophyll (Fig. 432). The green, filamentous protonema gives 
rise to branched, colourless rhizoids (r), which penetrate the sub- 
stratum. The MOSS -PLANTS arise from buds developed on the 
protonema at the base of the branches, Protonema and moss-plant, 
in spite of the difference in appearance between them, together 
represent the sexual generation. Many Liverworts possess a thallus 
consisting of dichotomously-branching lobes (Figs. 446, 447), which 
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is attaelied to the substratum at its base or on the under side by means 
of rhizoids, thus repeating the vegetative structure of many Algae. lii 


Fio. 432.-*Fit9iar'ia liyorometrica, Germinating spore ; cx, exine. B, Protoneiua ; buds ; 
r,' rhizoids ; s, spore. (Magnilied. After Muller-Thurgau.) 

the higher Hepaticae, on the other hand, and in all the Musei, there 
exists a distinct differentiation into stem and leaves (Figs. 449, 456), 

. Rhizoids spring from the 

^ \ 1 lower part of the stem. 

yfZ True roots are wanting 

^ Q in the Bryophytes, 

^ which thus do not attain 

rr'P j ^ liigber grade of organi- 

T! sation than the differenti- 

/ ) thallus already met 

I among the Bi'own 

Algae, for example in 
X Sargassum. The stems 

cx and leaves of Mosses are 

also anatomically of a 
simple structure; if 
ymorpJia. A, Nearly ripe antheridium conducting strailds are 
p, parapbyses. B, Speraiatozoids. pj.0g0jjt they are COni- 

:ter Stbasburgbr.) ^ ' X . . , 

posed merely or simple 
elongated cells. The sexual organs (antheridia and archegonia) are 
produced on the adult, sexual generation ; in the thalloid forms on 
the dorsal side o'f the thallus j iii the forms with stem and leaves at 
the apex of the stem or its branches. . 
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The ANTHERIDIA (Fig. 433) or male sexual organs are stalked, 
ellipsoidal, spherical, or 

cliib-sbaped, with thin ^ ' /UA 

walls formed of one layer \ f 
of cells and enclosing A ^ 

numerous small, cubical 

cells, each of which \ t /CZa 

becomes divided diagon- kJl • 

ally or transversely into St U ^/ 1 [(Irr^Ti 

two spermatozoid pw ^7 

mother cells At U 

maturity the sperm ato* rj ^ 

zoid mother cells separ- p 7 p 

ate and are ejected from ^ 

the antheridium, which 

ruptures at the apex. In f’l'- 434.— nevelopment of the anlLendium irj Fegatetla conica, 

the case of the Musci one of tl.e Mareten«ac<«a ^ Unicelta 

. . stalk -cell (at) cut off. C, D, Antheridiuio divided mto a 

there is a terminal group row of cells which in turn are divided by longitudinal 

of one or more cells with walls. E, Cutting oAT of the layer of cells to form the wall 

rmiHlacririouci cnnfPTitc; Advanced stage of development. (A-E x m; 

mupiagmous contents p, ^ 220. After Bolleter.) 
which on swelling hurst 

the cuticle (Fig. 438 Liverworts the mucilaginous cells 

. separate irregularly from one another 

f J there is no defined cap of cells. 

By the dissolution of the enveloping 
. walls of the mother cells the sperma- 

\ I / \ \ tozoids are set free as short, slightly- 

fj 4 ^ \ twisted filaments, bearing two long 

' i " \ rffiuAxI ) clo&G to the anterior end (Fig. 

I / yA \ Vv$/^ j I'h® antheridium is developed from a 

/ IgUx\ superficial cell ; it is only in the 

R I V \ case of Anthoceros (Fig. 443) that it is 

At/ formed endogenously. In the lower Liver- 
-Arj worts (Marchantiales) this cell becomes 

i — / divided into transverse disc-shaped seg- 

1 ments 


each of these is divided by walls 
■ “ at right angl es into four cells, and then 

Fm. 435.— Developnieufc of the autheridium of tangential walls in these quad rants separate 
a Moss. Funaria hygrometrica. A, Primor- peripheral cells of the antheridial wall 
Oiiim of at. antherirtiiunclivWea into four ^ £„(.g„al cells. wMoh gire rise 

cells- B, Formation of the apical cell from _ . ^ ^ 

the uppermost cell, (7, Division of the apical ^he spermatogenous tissue (Fig. 434 
cell. I), The separation of the wall-layer and J-F). In the higher Liverworts ( J unger- 
tlie cells that will give rise to the spermato- manniales) the original cell is first divided 
genons tissue. E, Same stage, m transverse ^ three by transverse walls ; 

section. F, Older stage. (After D. Campbell.) , nv-jx. 

* “ ^ the uppermost cell divides by a vertical 

wall, and in each of the two resulting cells two successively-formed walls separate 
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the wall and the ceils which give rise to the spermatogenous tissue. In the Mosses 
(Musci), on the other hand, the antheridium develops by the segmentation of a 
two-sided apical cell, which is delimited by two oblique walls in the uppermost 
cell of a short row. Each of its segments is later divided into wall cells and an 
internal cell which contidbutes to the development of the spermatogenous cells 
(Fig. 435 J-F), 

The archegonia (Fig. 436) are short-stalked, flask-shaped organs in 

The wall of the ventral 
portion encloses a large 
central cell, which divides 
shortly before maturity 
to give rise to the egg- 
cell and the ventral- 
canal-celL The latter if 
situated at the base os 
the neck, just below a 
central row of neek- 
canal-cells, the number 
of which is lower in 
Liverworts (4-8) thari in 
Mosses (10-30). The 
neck opens by the swell- 
ing of the mucilaginous 
contehts of the upper- 
most cells which rupture 
the cuticle and often 
become rolled back as 
four lobes (Fig. 4 3 8 B) 
(^^). The canal-cells he- 
come mueilaginous. Sinee 
water is essential for the 
process of fertilisation, 
this only takes place in 
goniiim ; 0, fertilised archegoniimi, witli dividing egg-cell, laild-forms after Wetting 
7c', ISTeck-cnnal-eell ; 7c", veiitral-canal-cell ; o, egg-cell ; qj;. The 

pseudo-perianth, (x 540. After Strasburoer.) ^ c 

movement of the sperma- 
tozoids towards the archegonia, and down the neck-canal to the egg-cell 
is directed by particular substances diffusing from the archegonium. 

The spermatozoids of Mosses are attracted by cane-sugar solution, those of the 
Liverwort Marchaniia also by proteid substances and by salts of potassium, rubi- 
dium, and caesium (cf. p. 331). 

The archegonium develops from a single superficial cell. In Liverworts this 
divides into a lower cell, which gives rise to the stalk, and an upper cell ; the 
latter is divided by three longitudinal walls into three outer cells surrounding a 
central cell. The central cell is then divided by a transverse wall into a cap-cell 
and a completely enclosed internal cell. The outer cells give rise to the wall of 


which a venter and neck can be distinguished. 



Fig. 43Q,--~Mctrc7i(mtia'i:)olv'!no'ii}7ia. A, Young, B, mature arche- 
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F IG. 437. —De velopnient of the archegoii iimi of a Li \'er . 

A (longitudinal section) and B (transverse section) 
showing the upper cell divided by three walls. C, The 
central cell tlivided into cap-cell (d) and internal cell (/). 
D, The internal cell divided intotlie cells which will give 
rise to the neck-caiial-cells (]ik\ and the ovum and 
ventral-canal-cells (c) respectively; st, young stalk. 
(After Goebel.) 


tile venter and neck, while the inner cell divides to give rise to the egg-eeli, 
ventral-eanal-cell, and neck-canal-cells (Fig. 437). In Mosses, on the other hand, 
the original cell divides by inclined wails, and the segments of the resulting two- 
sided apical cell form the stalk. The terminal cell is then divided by three oblique 
walls a]]d one transverse wall into a three-sided apical ceil, truncated below ; a 
central cell beneath this ; and 
three peripheral wall-cells. The /r "k 
central cell gives rise to the egg- 
cell, ventral-canal-cell, and neck- 
canal-eells ; the segments of the 
apical cell produce the wall of 
the neck and the uppermost neek- 
eanal-cells. According to Melin 
the Spliagnaceae occux)y a middle 
position in that the stalk arises 
as in the Mosses, while the body 
of the archegonium is differenti- 
ated without a three-sided apical 
cell as in the Liverworts. 

Antheridia and archegonia are homologous organs, as is shown by the occurrence 
of structures intermediate in nature ; the venti*al-canal-cell and neck-canal-cells 
are to be regarded as gametes which have become fuiictionlcss. The ventral- 
canal-cell is as a rule smaller than the egg but may equal it in size. Occasionally 
several egg-cells may be developed in an archegonial venter, 4 or more in 
Sphagnum 

After fertilisation the zygote, without undergoing a period of rest, 
proceeds to divide and give rise to the embryo (Fig. 436 C), The 

embryo grows into the 
sporogonium which re- 
presents the asexual 
generation and remains 
throughout its life con- 
nected with the sexual 
generation ; it obtains 
food-materials from the 
latter like a semi-para- 
sitic plant. The sporo- 
gonium is a round or 
oval capsule, with a 
longer or shorter stalk, 
(After Goebel.) and containing numer- 
ous spores. These, as 
in Pteridophyta and 
Spermatophyta, arise in tetrads by the twice-repeated division of the 
spore-mother-cells, which have previously separated from one another 
and become rounded off. 

In the Mosses the lower part of the embryo penetrates into the, often much 
enlarged, tissue of the stalk of the archegonium and in some cases even into the 



Fig. 438.--A, Summit of the empty antUeridium of rolytrichnni 
cut in half and showing the dehiscence cap, 

B, Opened neck of the archegonium of Mnium unrhdaUm. 
(After SiiELiNSKi.) 
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summit of the stem. This tissue along with the layer derived from the venter of 
the archegonium forms an investment that is later broken through by the growing 
embryo. The upper portion derived from the archegonial wall is carried up as 
the calytdra, while the lower portion forms a sheath round the base of the 
sporogonial stalk. The origin of the calyptra is similar in many Liverw’-orts {e.g. 
in the IMarchantiales) ; in others, however, the base of the embryo grows more or less 
deeply into the tissue of the thallus or stem below the archegonium. In special 
cases the tissue adjoining the archegonia forms a pouch-like structure (marsupium) 
enclosing the archegonium and embryo this often grows down into the soil and 
represents a peculiar organ of protection and nutrition. 

The development of the sporo- 
gonium exhibits a remarkable 
variety. In the lower Liverworts 
( Marchantiales) the zygote divides 
by transverse and longitudinal 
walls into 8, then by further radial 
walls into 16 cells, following on 
which comes division into external 
and internal cells by periclinal 
walls (Fig. 439). The foot and 
short stalk of the sporogonium 
come from the lower half of the 
embryo and the capsule from the 
upper half, the internal cells of 
which form the archesporium and 
give rise to the sporogenous tissue. 
The cells of this become in part 
spore -mother - cells, while others 
remain sterile and serve at first ‘ 
as nutritive cells to the developing 
spores (Fig. 439 Q). Later these 
sterile cells usually grow into 
spindle-shaped structures with a 
spiral thickening of the wall 
(elaters) ; these on the / opening of 
the capsule assist in the dispersion 
of the spores. Only in the Ricciaceae do all the internal cells become spore-mother- 
cells, the whole sporogonium being simplified to a spherical, unstalked capsule with 
a wall of one layer of cells. 

In the higher Liverworts (Jungermanniales) the zygote first undergoes a number 
of transverse divisions ; the lowest cell becomes sometimes after a Ibw divisions an 
absorbent organ while the upper cells give rise to foot, stalk, and capsule. In 
addition to the spores, sterile cells, which usually develop into elaters, are formed 
from the sporogenous tissue. 

The Anthocero tales are Liverworts which deviate considerably as regards the 
construction of the capsule from those described above and in some respects 
approach the Mosses (ef. p. 483). 

In the Mosses the sporogonium has a columella which is an axile strand of sterile 
tissue serving for the conduction of materials ; around this the archesporium is 
arranged as a, usually single, layer of cells. In the Sphagnales (Fig. 452 €) and 
the Andreaeales the archesporium extends as a dome over the summit of the 



Fig. 439,— Development of the Sporogoniimi of Corsinia 
marchantioides, one of the Marchantiaceae. A, The 
zygote divided into 16 cells. B, The lo wer half of the 
embryo developing as foot, the upper as capsule ; w, 
wall cells ; ar, archesporium (x 170). C, Older 
sporogonium. The archesporium has given rise to 
spore-mother-cells and small sterile cells which in 
Corsinia do not develop further into elaters. ( x 90.) 
(After K. Meyer.) 
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columella, while in the Bryales (Fig, 458) it constitutes an open cylinder around 
the columella. The elongated embryo is composed of segments which in tlie 
Sphagiiales arise by traiiSYerse diYision of the zygote and in other Mbsses are cut 


Fi(.‘. 440. —Development of the sporoi?onium of the Moss, Fiinaria hygrometrim. A, B, Longitudinal 
sections showing first stages in the development from the zygote s, apical cell. C-E, Transverse 
sections : C, division into endothecium (e) and amphithecium (a) ; D, further divided stage ; 
E, older sporogoniura, in the eudothecmm of which the outermost laj^'er is distinct as the 
archesporium (ar) ironi the columella (e). (After Campbell.) 


off from a two-sided apical cell. In each transverse segment a longitudinal 
division follows, and in the resulting quadrants there is a separation of outer cells 
(amphithecium) from internal 

cells (endothecium) (Fig. 440). L®! W j 

In the Sphagnales only, the 

archesporium arises as the Jo R®4 

innermost layer of the amphi- Ae 

theciuin ; in all other Mosses ^ 

it is the outermost layer of the 7 (f 

endothecium. It gives rise j 

exclusively to spores, no sterile 0 

cells being formed (Fig. 441), MSifjli 
The Bryophyta are chai- 

acterised by a great power of I I m 

regeneration from cut portions ' 

of all the organs. Yegetative 

reproduction by means of Fk*. 441 ^ _ Funavia liygrometHca. Transverse section 
gemmae, etc., is widespread ; through the archesporium (A, sn\ and the groups of still 
they arise on the thallns, on eonneeted spore -mother- cells derived thorn it IS, m0. 

, . n hi (After Goebel.) 

stems, on leaves, and on the 

protonema in a great variety of ways, becoming separated' later 

There are difficulties in the way of the phylogenetic derivation of the Bryophyta 
from any definite group of Algae. Between the Bxyophytes on the one hand, and 
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the higher Green Algae and Characeae on the other, no transitional forms are 
known. Morphological comjiarison points rather to a connection between the 
Bryophyta and the Brown Alga, e, the multilociilar ganietangia of wliich (in some 
genera already differentiated into oogonia and antheiidia) may be regarded as 
homologous structures leading to the archegonia and antheridia of the Arelie- 
goniatae. Thus the antheridium of the lower -LiFerworts shows a cellular con- 
struction in agreement with that of the ganietangia of Brown Algae (cf. Figs. 4S4, 
354, 356),* it is distinguished by the possession of a sterile, protective layer of 
cells forming the wall, and the differentiation of this can be regarded as an 
adaptation to a terrestrial inode of existence. Further, among the Brown Algae, 
in there is an alternation of generations agreeing with that of Bryophyta, 

although the gametophyte and sporophyte are similar in their vegetative structure. 
The tetrasporangia of the sporophyte of Dictyota correspond to the spore-mother- 
cells of the sporophyte of the Bryophyta ; their endogenous position in the latter 
may be related to the intiuence of a terrestrial mode of life. While the form of 
the gametophyte in the thalloid Liverworts shows many points in common with 
the thallus of certain Brown Algae, the sporophyte of the Bryophyta proceeds 
early to the development of its spores, and ceases groivth without a segmenta- 
tion into vegetative organs. It thus becomes essentially different from the 
gametophyte (®®). 

With the exception of a few forms which have secondarily assumed an ac^^iiatic 
life, the Bryophyta in contrast to the Algae are land-plants and exhibit corre- 
sponding adaptations in their structure. Thus all the above-ground parts are 
covered with a cuticle. The small size of the Bryophyta as compared with 
Pteridophyta stands in connection with their simple cellular construction from 
which true vessels are absent. True roots are also ^wanting. Some are minute 
plants, while tlie largest Mosses, represented by the Dawsonieae of New Zealand, 
have leafy stems attaining a height of 50 cm. 

The two very distinct classes of Bryophytes may he briefly charac- 
terised as follows : ■ * . 

L Eepaticae (Liverworts).^ — The sexual generation, with poorly 
developed and generally not distinctly differentiated proton ema, is 
either a dichotoinously-divided thallus or is developed as a leafy and, 
with few exceptions, dorsiventral shoot. In the majority of Hepaticae, 
in addition to spores, the capsule produces also elaters ; only in one 
order, Anthoceroteae, does the capsule have a columella. 

2, Musci (Mosses). — The protonema of the sexual generation is 
usually well developed and, distinctly defined, and the moss plant is 
always segmented into stem and leaves. The leaves are arranged 
spirally in polysymmetrical, less frequently in bisymmetrieal, rows. 
The' capsule is always without, elaters, but with a columella. 

Fossil Bryophyta. — The Liverworts are more primitive in their organisation 
than the Mosses and ap^iear to be more ancient, since their fossil remains are 
occasionally met with back to the. Carboniferous period, while the earliest known 
Mosses are from the Upper Cretaceous. Most fossil Bryophytes are from the 
Tertiary rocks and closely resemble existing forms. 
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Class I 

Hepaticae (Liverworts) 

j\Iost Liverworts inliaLit moist situations and have a corresponding liygropliilous 
structure. True aquatic forms are, liowever, only sparingly represented. Some 
delicate Jungermanniaceae grow among Mosses. Other less numerous forms live 
in extremely dry habitats on the bark of trees, on rocks or on the ground ; these 
have xerophilous structure and arrangements for the storage of water. Among 
the epiphytes those that grow on leaves in tropical forests (epiphyllous liverworts) 
are noteworthy. As a rule the Liverworts play an inconsiderable part in the 
composition of cryptogamic plant- formations. 

Tlie rh'izoids of many Liverworts, especially of the Jungermanniaceae, and the 
non-chlorophyllous tissue of the thallus of some Marchantiaceae are frequently 
inhabited by endophytic fungi (e.g. by hyphae of Mum' rkisopJiilus) ; these do no 
serious injury but appear to be of no special benefit 

The Hepaticae are divided, according to the structure of the 
sporogonium and the segmentation , exhibited by the sexual plant, into 
three orders, the Anthocerotales and Marchaiitiales being exclusively 
thailoid, while the Jungermanniales include both thalloid and dorsi- 
ventral foliose forms and, in the group of the Haplomitrieae, radially- 
constructed foliose forms. 

Order 1. Anthocerotales 

This isolated group, including only a few forms, may be regarded as a primitive 
order of Bryophyta. The sporogonium is characterised by a more complicated 
internal construction than in the other Liverworts, in which it has undergone 
progressive simplification. 

The gametophyte lias the form of an irregular, disc-shaped thallus, which is 
firmly anchored to the soil by means of rhizolcls. The cells of the thallus contain, 
in contrast to those of other Bryoxfiiyfca, a single large oliloroplast with a pyrenoid, 
-On the lower surface, and less commonly on the upper, stomata occur. The 
antheridia arise singly or in groups of two to four, by the division of a cell 
lying below tiie epidermis (Fig. 443) ; they remain enclosed in cavities beneath 
the upper surface of the thallus until maturity. The origin of the antheridia 
thus differs from what is the case in all other Archegoniatae in being endogen- 
ous ; a superficial cell divides into an outer segment, forming the roof of the 
cavity, and an inner one, which becomes the mother-cell of the antheridia. The 
cavity ope-TS, at maturity by mucilage formation in the cells of the outer wall. 
The arehegoui. ’','*•*6 sunk in the upper surface of the thallus ; after fertilisation they 
become covered over by a many-layered wall (marsupium) formed by the growth 
of the adjoining tissue. This enveloping wall is afterwards ruptured by the 
elongating capsule, and forms a sheath at its base. The sporogonium consists 
of a swollen foot and a long, pod-shaped capsule ; it has no stalk. The superficial 
cells of the foot grow out into rhizoid-like papillae. The capsule splits longitudi- 
nally into two valves, and has a central hair-like columella formed of a few 
rows of sterile cells (Fig. 442). The columella does not extend to the apex of 
the capsule, but is surmounted by a narrow layer of sporogenoiis cells. Elaters 
also occur ; they are multicellular, variously shaped, and often forked. The 
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sporogonia, iiniike those of all other Hepaticae, do not ripen simultaneously 
throughout their whole length, but from the tips downwards, and continue to 
elongate by basal growth after emerging from the archegonia. The waall of the 



Fig. — Anthoceros laevis. 
sjp, Sporogoniuin ; c, colu- 
mella. (Nat. size.) 




Fig. 44:S.—Antlioc;eros Faarsoni, Development of tlie 
endogenous antlieridram. d, Covering cells; sf, 
stalk-cells; ct, young antlieridium. | (After D. 
Campbei/l.) 


sporogonium possesses stomata, which do not occur in other Liverworts ; chlorophyll 
is present in its cells. 

On the under side of the tliallus, slit-like openings, formed by the separation 
of the cells, lead into cavities filled wutli mucilage. I^ostoc filaments penetrate 
into these cavities, and develop into endophytic colonies 


Order 2. Marchantiales 

The Liverworts included in this order in many genera have a decidedly com- 
plicated structure. ACarchantia polymorpha,^ found growing on damp soil, may 
serve as an example. It forms a Hat, deeply-Iobed, dichotomoiisly-branched 
thallus, about two centimetres wide, and having an inconspicuous midrib 
(Fig. 445 A, Fig. 446 A). From the under side of the thallus spring uni- 
cellular rhizoids, some of wdiich have smooth walls and serve mainly to attach 
the thallus, while others have conical thickenings projecting into the cell- 
cavity (Fig. 31) ; these peg-rhizoids are collected to form a wick-like strand below^ 
the midrib. The thallus is provided also with ventral scales, consisting of a 
single layer of cells. The dorsiventrality of the thallus is further shown by its 
complicated anatomical structure. With the naked eye it may be seen that the 
upper surface of the thallus is divided into small rhombic areas. Each area is 
perforated by a central air-pore leading into a corresponding air-^^'lamber immedi- 
ately below (Fig, 96 A, B). The lateral walls of the air-chambers determine . the 
configuration of the rhombic areas. The air-pore in the roofing w^all of each 
chamber is in the form of a short canal,., bounded by a wall formed of several tiers of 
cells, each tier comprising four cells. Kumerous short filaments, consisting of rows 
of nearly spherical cells containing chlorophyll grains, project from the floor of the 
air-chambers and perform the functions of assimilating tissue. Chlorophyll 
grains are found also in the walls and roof of the chambers, but only in small 
numbers. The intensity of the illumination exercises a great influence on the 
formation of air-chambers ; when the illumination is very weak they may not 
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occur at all. The epiderniis on the under side of the thallus is formed of one layer 
of cells. The tissue below the air-chamber layer is devoid of chlorophyll, and 
consists of largo parenchyniatous cells, wliich serve as storage cells. 

Small cu[)-shaped outgrowths, ^\’ith toothed margins, the gemmiferous receptacles 
or gemma-cups, are generally found situated on the upper surface of the thallus over 
the midribs (Fig. 44.5 ?;). These contain a number of stalked gemmae, flat, biscuit- 
shaped bodies of a green colour. The gemmae arise by the protrusion and repeated 
(li^'ision of a single epidermal cell (Fig. 441) ; at maturity they become detached 
from the stalk (at a;, Fig, 444 D). They are provided with two growing points, 
one at eacli of the marginal constrictions, from which their further development 
into new plants proceeds. On cross-section (AO they are seen to be composed of 
several layers of cells ; some of the cells are filled with oil globules (D, o), while 

from other colourless cells rhizoids develop. 
Cells containing oil are also present in 
the mature thallus, and are of frequent 
occurrence in all ^,the Hepaticae. By 
means of the abundantly - developed 


Fig. 4U,—Marchantia polpnorpha. A~C\ 
Successive stages iir the formation of a 
g6>rama ; st, stalk-cell ; D, surface view ; 
F, transverse section of a gemma ; a?, 
Iioint of atiacliinent to stalk ; o, oil cells ; 
r, colourless cells with granular contents, 
from which the rhizoids will develop. 
(A^G X 27u ; D -E X 65. After Kky.) 


Fig. 445 . — Marchantia polymorpha. A, A male 
I)lant, with antheridiophores and gemma-cups 5 
(nat. size). B, Section of young antheridiophore ; 
a, antheridia ; thallus ; s, ventral scales ; r, 
rhizoids. (Somewhat magnified.) 


gemmae Alarchmitia is enabled to multiply vegetatively to an enormous extent. 
The dorsiventrality of the plants developed from the gemmae is determined by the 
influence of light. 

The sexual organa, antheridia and archegonia, are borne on special erect branches 
of the thallus. Tlie reproductive branches, which are contracted below into a 
stalk, expand above into a profusely-branched upper portion. In this species, 
wliich is dioecious, the antheridia and archegonia develop on different plants. 
The branches producing the male organs terminate in lobed discs, which bear the 
antheridia on their upper sides in flask-shaped depressions, each containing an. 
antheridium (Fig. 445 B), The depressions, into each of which a narrow canal 
leads, are separated from each other by tissue provided vv- 'i air-chambers. (The 
structure of the antheridia and spermatozoids is; illustrated by Figs, 433, 434, 
and the accompanying description.) The spermatozoids collect in a drop of water 
on the disc, the margin of which serves to retain the water. 

The female brandies terminate each in a nine-rayed disc (Fig. 446 A). The upper 
surface of the disc, between the rays, becomes displaced downwards in the process of 
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growth, and, as the archegonia are borne on these portions, seem to arise from 
the under side of the disc. The arciiegonia are disposed in radial rows between the 





I’lG'. 446 .-—Marchantui polyniorpha. A, A female plant, with four arehegoniopliores of diUerent ages; 
1), gemma-ciii)s' (nat. size). B, Under side of receptacle ; si, rays ; h, sheath ; sp, sporogonium 
( X 3). C, Half of a receptacle, divided longitudinally ( X 5). D, Longitudinal section of a young 
sporogonium ; spf, the foot ; sp, sporogenous tissue ; hw, wall of capsule ; awj wall, and h, 
neck, of archegonium ; p, pseudo-perianth (xTO). i?, Ruptured sporogonimn; k, capsule; 5, 
spores and elaters ; p, pseudo-perianth ; e, archegonial wall ( x 10). F, An elater. (r, Ripe 
8ppjea..C^.Sh§7;-— ^f^X.^««ATiating s^pore (s) ; vie, germ tube; Jc, germ-disc, with the apical cell v 


and rhizoid rh ( X 100). (C, B aftetf BtscHOFF ; B, F-H after Kny.) 


rays, each row being surroundecl by a toothed lamella or sheath (pericliaetinm) 
{B, O, h). For structure- of the aWhegonia see Fig* 436 and description. 

Fertilisation takes place diiriPg, rain, the ■ raindrops splashing the liquid on 
the male discs which contains -tie sperinatozoids, on to the female receptacles. 
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Tiic cpideriiiiil ol-IIs of the latter project as papillae and constitute a superficial 
capillary system in which the sperniatozoids are conducted to the archegonia. 

Tlie fertilised egg-cell gives rise to a multicellular, embryo (Fig. 436 C% and 
this, by further division and progressive difiereiitiatioiij develops into a stalked 
oval SPOUOGOK.IUM. The capsiile^of the sporogonium is provided -with a wall con- 
sisting of one layer of cells except at the apex, 'where it is two-layered ; the cell- walls 
iuive thickened bands. The capsule ruptures at the apex, the lid falling off and 
the wall splitting into a number of recurved teeth. The ripe capsule, before the 
elongation of the stalk, remains enclosed in the archegonium wall (Fig. 446 
aw\ which, for a time, keeps pace in its growth with that of the capsule. As 
the stalk eloiiga,tes, the archegonial •wall or calyptra is broken through and 
remains behind, as a sheath, at the base of the sporogonium {E, c). The capsule 
is suiTouiided also by the pseudo-perianth, an open sac-like envelope which 
grows, before fertilisation, out of the short stalk of the archegonium (Fig. 436 

..Vi IKI,. 


Fig. 447. — likda /luituns; siibmergeil floating form.. J5, lUccia natms; land ^form. C\ 

Bicoia natans ; floating form with long ventral scales. (Nat. size, B after Goebel. V after 

BrSC'HOFF.) 

G, pr ; Fig. 446 J?, E, p). The capsule contains spores and elaters (Fig. 446 
F, G). 

Marchantia rras formerly used in the treatment of diseases of the liver ; this 
fact explains the origin of the name Liverwort.. 

The Ricciaceae (^^'^) exhibit an extensive simplification, of the sporogonium and 
connect on as reduced forms to the more simply constructed Marchantiaceae. The 
dichotomoiisly-lobed or cleft thallus forms small rosettes, and grows on damp or 
marshy soil. Riccia natans (Fig. 447 C) is found floating, like Duckweed, on the 
surface of stagnant water. Riccia flMitans, on the other h^nd, lives wholly sub- 
merged, and has narrow, more profusely-branching, thalloid segments (Fig, 447 
A), These two aquatic species can, however, grow on marshy soil, and then form 
flat rosettes (Fig. 447 B), The liiccias are provided ^with fine rhizoids , springing 
from the under side of the thallus, and possess, in addition, a row of transversely 
disposed ventral scales, consisting of a single layer of cells, which also assist in 
the absorption of nourishment. ‘Both organs are wanting in the submerged form 
of Ricda fluitans. 

The antheridia and arcliegonia are sunk in the surface of the upper side of 
the thallus. From the fertilised egg-cell is developed a spherical sporogonium 
which has no stalk. 'The wall of the sporogonium consists of a single layer 
of cells ; it becomes disorganised during the ripening of the spores, which are 
eventually set free by the rupture and disintegrations^ of the venter and the 
surrounding cells of the thallus. There are no elaters. 
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Orders. Jungennanniales 

These are usually small forms which grow on the ground or on tree-trunks, 
and in the tropics on the surface of living leaves. In the/ siiiiplest forms of 
this order the thallus is broadly lobed, similar to that of Marchmitia {e.g. PelUa 
e-inphylla^ frequently found on damp ground) ; or, like that of Iliccia fluitans, 
it is narrow and rilDboii-shaped, and at the same time profusely branched (e.g. 
Metzgeria furcata, Tig. 9i). In other forms, again, the broad, deeply-lobed thallus 
has an evident midrib, and its margins, as in the case of Blmia, pusilla (Fig. 
44S), exhibit an incipient segmentation into leaf-like members. The majority of 
Jungermanniaceae, however, show a distinct segmentation into a prostrate or ascend- 
ing, dorsiventral stein and leaves (Fig. 

449). The latter consist of one layer of 
cells without a midrib, and are inserted 
with obliquely directed laminae in two 
rows on tlie Hanks of the stem. Many 


Pig. AAS.—Blasia pusilla. Sporogonium ; 
rliizoids. (x 2.) 

genera {e.g. FruUania Tcmarlscij a delicately-branched Liverwort of a brownish 
colour occurring on rocks and tree-trunks) have also a ventral row of small scale- 
like leaves or amphigastria (Fig. 450). The donsal leaves are frequently divided 
into an upper and lower lobe. In species growing in dry places, like Fridlama 
Tamarisci, the lower lobe may be modified into a sac, and serves a.s a capillary 
water-x"eservoir. The leaves regularly overlap each other ; they are then said to 
be overshot, when the posterior edges of the leaves are overlapped by the anterior 
edges of those next below {Fmllimia^ Fig. 450), or undershot, if the posterior 
edges of the leaves overlap the anterior edges of the leaves next below {Flagio- 
chila^ Fig. 449), 

The long-stalked sporogonium is also charactexistic of this order ; it is already 
fully developed before it is pushed through the, apex of the archegonial wall 
the elongating delicate stalk. It has a , splxerical capsule which on rupturing 
splits into four valves (Figs. 448, 449). No columella is formed in the capsule ; 
but in addition to spores it always, produces elaters. In some genera {Fellia 
Aneura) there are special elateropibbres which consist of groups of sterile cells re- 
sembling the elaters. The wall of the' capsule (usually two or several cells thick) 
consists of cells with annular or band-like thickenings, or the walls a.re uniformly 




Fig, 440, — Plagiacliila asplmioideft. 
s, Sporogoniiun. (Nat. size.) 
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thickened with tlie exception of the Gutermost walls. Dehiscence is dependent 
on the cohesive power of the water in these cells pulling the outer walls into the 
cavity. 

According to the position of the sexual organs and sporogonium the Jiinger- 
iiiaiiiiiales are divided into groups. 1. In the Anakrogynae the apex is not 
used up in the formation of the 
archegonia, and the sporogonia are 
situated on the dorsal surface and 

are. surrounded by a shcath-like out- ■ rSj 

growth of the thallus forming a r~ 

perichaetium. To this group belong ^ Jp 

the thalloid forms {FelUa, 3fctz(jcria) >"*1 







Fig. 450.— Fart of a shoot of Fmllania 
Tmnarisei, seen from below, o, Dorsal 
leaves with the lower lobes (les) modi- 
fied as water-sacs; a, amphigastriuin. 
(X 35.) 



Pig. 4i51.-^Eaplomiiriu'in Hooken. a, Origin of 
a new shoot ; r, rhi 2 ome ; o, lower limit of 
the aerial shoot, ‘ (After Gottsghe.) 


and others showing a transition to the foliose forms {Blasia). 2. In the 
Akrogynae, on the other hand, the archego nia and the sporogonium stand at the 
end of the main stem or of a branch and are surrounded by a perianth formed of 
modified leaves. To this group belong the dorsi ventral leafy forms, e,g, Flagiocliila, 
Fridlama, and Jti,n-germannia^ a genus with numerous species. 3. The Haplo- ■ 
mitrieae hold an isolated position, but ajipear to exhibit the closest connection with 
the Anakrogynae. This order contains only two genera, Calobryum^ occurring 
in the tropics, and Haplo niUriwm. The single species of the latter genus, H. 
Hookeri (Fig. 451), occurs in Europe, and possibly is a survival of pre-glacial 
Liverworts. The Calobryaceae differ from all other Liverworts in the radial con- 
struction of their shoot, which bears three rows of leaves. The sexual organs form 
terminal groups in Calohryum^ in Haplomitrium they occur between the upper 
leaves. 

Class II 

Musei (Mosses) (i> 

The Mosses include a large number of forms distributed in all parts of the 
wmrld. Tlie^; grow on dry soil, in swamps, on rooks, '^on tree- trunks and in 
tropical forests, also as epiphytes, on the branches, and. less commonly in water ; 


'■ / 
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their structure is eorrespondingly various. Close tufts or masses are especially 
characteristic of dry liabitats, .while the typical inhabitants of the soil of woods 
have a looser mode of growth. In the moist moimtain forests of the tropics and 
sub-tropics Mosses olten grow in considenible masses surrounding the branches or 
hanging in long veil-like masses from them 

The Bog- Mosses form extensive growths, on moors, as also do others (especially 
on the rnoist soil in the arctic moss-tundras. 

The profiisely-brancbed protonema of the Mosses appears to the 
naked eye as a felted growth of fine, green filaments (Fig. 432). 


I 

t 



Fia. Ao2.~~^phagmm fmhriatnm : A, A .slioot with four ripe sporogoiiia. sijuarmwm : 

B, A lateral slioot with a terminal sporogoniuui ; ca, ruptured ealyptra ; tl, operculum. 
Sphagnum acutifolium : 0, a young sporogoriium in longitudinal section; ps, pseiidopoclium ; 
ea, archegonial wall or calyptra; a/i, neck of archegonimn; sp/, foot of sporogonium ; 1:, 
capsule; go, columella; spu, sxmre-sac witli spores. (B and 0 after W. P. ScniAfmcB; A, nat. 
size ; the other figures magnified.) 


The oblique position of the cell walls in the filaments is characteristic. 
The young moss plants are developed on the protonema as small 
buds which arise as protrusions of cells of the filament, usually from 
the basal cell of one of the branches. The protrusion is cut off by a 
transverse septum, and after the separation of one or two stalk-cells 
the three-sided pyramidal apical cell of the moss plant is delimited 
in the enlarged terminal cell The moss plants are always 

differentiated into stem and leaf. The Mosses may be readily dis- 
tinguished from the foliose Jungermanniaceae by the spiral arrange- 


;;; . 


; 
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merit of tlieir small leaves, which are rj 
In Mosses which have prostrate stems t’ 
spirally, frequently assume a somewhat 
face one way, so that in such cases 
a distinction between an upper and 
a lower side is manifested, but in a 
manner different from that of the 
Liverworts. 

The STEM OF THE Moss Plant is formed 
of cells which become gradually smaller 
and thicker- walled towards the periphery. 

In the stems of many genera {e.g. Poly- 
tnchur/i, Ifnium, Fig. 96 and p. 82) there 
is found a central, axial strand consisting 
of elongated, conducting cells with narrow 
lumina. These strands are not as highly 
differentiated as the vascular bundles of 
Pi-PTidonhvtes. Thev have neither vessels 
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They have a reiiiarkable power of capillary absorption, and serve as reservoirs 
for storing and conducting vvater. 

Tlie LEAVES of the true Mosses have, as a rule, a very sinixde structure. They 
consist usually of a single layer of x)olygonal cells containing chloroxdasts and are 
generally provided with a median conducting bundle of elongated cells. The 
leaves of the Bog Mosses (Sphagnaceae) have no bundles, 'and instead are supjjlied 
witli Ge,|)illary cells for the absorption and storage of water. These cells are devoid 
of protoxdasm, and are similar to those in the periphery of the stem, but larger 
and more elongated ; their wails, which are perforated, arc streugtlieiied by 
transverse thickening bands. Between them are otlier elongated, reticulately 
united cells containing chloroxdasts. A similar differentiation of the leaf- cells 
occurs in a few other Mosses {c.g. Leucohryum glaucum), 

A more oomxdicated structure of the leaves resulting from their adaptation to 
the absorption of water and pratection against drying is exhibited by Polytrichwui 
commune. In this Moss the leaves develop on their np})er surface numerous, 
crowded, vertical lamellae, one cell thick ; these contain chlorophyll and serve 
as an assirnilatory tissue, while the spaces between the lamellae serve as reservoirs 
for the storage of water. In a dry atmosphere the leaves fold together, and thus 
protect the delicate lamellae from excessive transpii’ation Many Mosses can 

endure desiccation without injury. 

The RHizoiDS (Figs. 454, 456), each of which consists of a branched filament of 
cells without chlorophyll, sowing from the base of the stem. In structure they 
resemble the xnotonema, into which they sometimes become converted, and then 
can give rise to new moss plants. 

The SEXUAL ORGANS are always borne in groups at the apices 
either of the main axes or of small, lateral branches, surrounded by the 
upper leaves of the latter which frequently have a distinctive structure, 
and are known as the pertchaetium (Fig. 456). Between the sexual 
organs there are usually present a number of multicellular hairs or 
paraphyses. The moss plants may be monoecious, in which case both 
kinds of sexual* organs are borne on the same plant either in the same 
or different receptacles ; or dioecious, and then the antheridia and arche- 
gonia arise on different plants. The arcliegonia and antheridia of 
Mosses differ in their development from those of other Archegoniatae’ 
by being formed by the segmentation of a two- or three-sided apical cell. 

The SPOROGONIUM of the Mosses develops a capsule with an 
axial COLUMELLA consisting of sterile tissue (Fig. 458). The spore-sac 
surrounds the columella, which conducts and accumulates food material 
and water for the developing spores. Ela.ters are never foi’med. In the 
young sporogonium outside the spore-sac a well-developed assimilating 
tissue is present; this is bounded by water-storage tissue and an 
epidermis. In most Mosses stomata are found on the lower part 
of the capsule. The ripe capsule exhibits a variety of peculiar 
structures to facilitate the opening and the distribution of tlie spores. 
The stalk or seta raises the capsules so that the spores are readily 
dispersed by wind. Distinctive variations in the mode of develop- 
ment and structure of the capsules are exhibited by the three orders 
of the Musci : Sjphagmles, AndreamleSy and Bryales. 
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Fig. 45T . — Scleropodium pwiiim. (Nat. size.) 


Order 1, Sphagnales 
The Sphagnaceiie, or j)og ]\losses, are the only family and include only a single 


The Bog Mosses grow in swampy places, 


genus, Sphagnmn^ containing many sj)ecies. 
and form large tussocks 
saturated with water. 

The upper extremities of 
the stems continue their 
growth from year to j^ear, 
while the lower portions 
die away arid become 
eventually converted into 
peat. Of the niinieroiis 
lateral branches arising 
from each of the shoots, 
some grow upwards and 
form the apical tufts oi' 
heads at the summits of 
the stems ; others, which 
are more elongated and 
flagelliforra in shape, turn 
downwards and envelop 
the lower portions of the 
stem (Fig. 452 A ). Every 

year one brand i below the apex develops as strongly as the mother shoot, 




Fig. 4ob.r-Sohistofiteiia osmundacm. A, iSterile ; JS, fertile plant. 
( X 5.) C, Protonema, (x 00. After Noll.) 


Fig. 4;jG. — Mii'iniit amlulatiini, Orthotrapons 
slioot terminating in a male receptacle sur- 
rounded by involucral leaves. The lateral 
shoots are plagiotropous. (After Goebel.) 


that the stem becomes hilsely bifurcated. By the gradual death of the stem 
from below upwards the daughter shoots become separated from it, and form 
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independent plants. Special branches of the tufted lieads are distinguishable by 
their different structure and colour ; on these the sexual organs are produced. 
The male branches give rise, near the leaves, to spherical stalked antheridia. 
The archegonia are borne at the tips of the female branches. The sporogonium 
develops a short stalk with an expanded foot but remains for a time enclosed 

by the archegonial wall or calyptra; Upon the rupture of the arcliegonium, the 
calyptra persists, as in the Hepaticae, at the base of the sporogonium. The 
capsule is spherical and has a dome-shaped columella, which in turn is overarched 
by a hemispherical spore-sac (spo) ; it opens by the removal of an operculum. 
The rij)e sporogonium is borne upon a prolongation of the stem axis, the pseudo- 
podium, which is expanded at the top to receive the foot of the stalk. Of the 
peculiar structure of the leaves and stem cortex a description has already been 
given above. The protonema of the Sphagnaceae is in some respects peculiar. 
Only a short filament is formed on the germination of the spore, the protonema 
broadening out almost at once into a flat structure on which the young moss 
plants arise. . 

Order 2. Andreaeales 

The Andreaeales comprise only the one genus, Andreaea, small, brownish, 
caespitose Mosses growing on rocks. The sporogonium is also terminal in this 
order. The capsule, at first provided with a calyptra, splits into four longi- 
tudinal valves (schizocarpous), which remain united at the base and apex 
(Fig. 453), The stalk is short, and is expanded at the base into a foot (>S5?/), 
which in turn is borne, as in Sphagnum^ on a pseudopodium (p5), a stalk-like 
prolongation of the stem resulting from its elongation after the fertilisation 
of the archego Ilium. The protoneina is ribbon- shaped. 

Order 3. Bryales 

In this order, which includes the great majority of all the true Mosses, the 
moss fruit attains its most complicated structure. The ripe sporogonium, 
developed from the fertilised egg, consists of a long stalk, the seta (Fig. 454 5 ), 
with a EOOT at its base, sunk in the tissue of the mother plant, and of a 
CAPSULE, which in its young stages is - surmounted by a hood or calyptra. 
The calyptra is thrown off before the spores are ripe. It consists of one or two 
layers of elongated cells, and originally formed part of tlie wall of the arcliegonium ; 
this, at first, enclosed the embryo, growing in size as it grew, until, finally 
ruptured by the elongation of the seta, it was carried up as a cap, covering the 
capsule. It consists of several layers of cells and, especially in forms which occupy 
di*y habitats, bears hairs that correspond to protohemal threads of limited growth. 
In some Mosses {e.g. Funaria) the young calyptra. is distended and serves as a 
reservoir of water for the young sporogonium The upjier part of the seta, 

where it joins the capsule, is termed the apophysis. In M%ium (Fig. 460 wp) 
it is scarcely distinguishable, but in Polytrichum commune it has the form of a 
swollen ring-like protuberance (Fig. 454 ap\ while in species of Splmhnum it dilates 
into a large collar-like structure of a yellow or red colour. The upper part of the 
capsule becomes converted into a lid or operculum wliich is sometimes drawn out 
into a projecting tip. At the margin of the operculum a narrow zone of epidermal 
cells termed the ring or annulits becomes specially differentiated. The cells 
of the annulus contain mucilage, and by their expansion at maturity assist in 
throwing off the’ lid. In most Mosses the mouth of the dehisced capsule bears 
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a fringe, tlxe pbuLi'OME. conristing usually of tooth-like appendages, but in others 

'“•tIT— . 1 «- Of .«p“ .a 

is double ; the outer pevistonio is ° , Musule.' The inner peristome lie's 

inserted on the inner mtu-gin of the M a i-I-p a^inenda<'es which are ribbed on 

Just within the outer, and consists 

the inner side and tlms appear transversely striped , they coalesce 


Vic’ 4uy — Miiiimhofn'u.vi’ Transverse secci on 

tUrough tl.o wall of the cai«u!e in the region 

of the ring. «, Cells of the ring; J-4, sneces- 

' ni’’. sivo cell layers the thickened masses of 

in.: the I-erietome, d\ d" ; d'", transverse pro- 

x 18. jecting rihs ; c, the coalesced cilia, (x -40. 

After Strasburoer.) 

cilia of tlie inner peristome are always situated 

Drmed in this instance of thickened 
• of cells next to the operculuni (Fig. 
wall, and the cilia from portions of 
the opening of the capsule the un- 
ind the teeth and cilia split apart, 
surface indicate the position of the 

•i^onie teeth follows a peculiar type 


Fin Ah?>.—Mniuin horiivm. 

tudiiiiil section of a lialf-iipe sporosm 
0, Operculum ; p, peristome. ; c, colim 
s, sporo-aac containing tlie spores ; 
space ; up, apophysis ; st, stomata. ( 

After STRASBummR.) 

a continuous membraiiG. Two 

between each two teeth of the outer row. 

The teeth and cilia of the peristome 
portions of tlie opposite walls of a siiigh 
459), the teeth from portions of the ext 
the internal walls of the same layei. 
thickened portions of this layer break t 
The transversely 'libbed markings on 
former transverse walls. ^ 

In the Polytrichaceae the origin ot t 
they are composed of a number of eloii^ 
The structure of the peristome Yt 
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peculiar form and hygroscopic movements the peristome causes a gradual dis- 
semination of the spores from the capsule. 

Variations in the form of the capsule, peristome, operculum, and calyptra afford 
tlic most important means of distinguishing the different genera. The Bryales 
are divided into two sub-orders, according to the position of the arcliegonia or of 
the sporogonia developed from them. 

(a^) In the Acrocarpi the arcliegonia, and consequently the sporogonia, are 
terminal on the main axis. Mninm unduloMm (Fig. 456) and honmm^ Poly- 
trich%(>m commune (Fig. 454), and Funaria hygromctrka are common examples. 
^cMstosteya osmuiidacea, a moss living in caves, has fertile shoots, which have 
spirally-arranged loaves and hear stalked capsules devoid of peristomes, and also 
other shoots that arc sterile, with two row^s of leaves (Fig. 455). The protonema 
of this species is peculiarly constructed and gives out an emerald phosphorescent 



Fio. 'Mninm hormm^ A, Capsule with upper portion of seta ; ap, apophysis; p, peristome; 
d, the separated operculum. JB, Three teeth of the outer peristome seen from tlie outside ; an, 
annulus. C, Inner peristome seen from the inside ; w, broader cilia ; h, narrower cilia. 
(.4 X i; B, 0 X 60.) 

light. In some minute Mosses {Archidium^ Phasoum, Pleuridium) the sporo- 
gonium is considerably simplified, the formation of operculum, annulus, and 
peristome being suppressed and the spores set free by decay of the capsule. 

(5) In the Pleurocarpi the growth of the main axis is unlimited, and the 
archegonia with their sporogonia arise on short, lateral branches (Fig. 457). In 
this group are included numerous, usually profusely-branched species of large 
Mosses belonging to the families Neckeraceae and Hypnaceae, whicli are among 
the most conspicuous mosses of our woods, and also the submerged Water Moss, 
Fontinalis antiy^yretica. 

III. PTERIDOPHYTA (VASCULAR CRYPTOGAMS) (’’ ‘ 

The Pteridophytes include, the Ferns, Water-Fei’ns, Horse-tails, 
and Club Mosses, and represent the most highly developed Crypto- 
gams. In the development of the plants forming this groifp, as in the 
Bryophyta, a distinct alternation of generations is exhibited. The 
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sexual generation bears tlie antheridia and archegonia ; tbe asexual 
generation develops from the fertilised egg and produces asexual, 

unicellular spores. On 
germination the spores in 
turn give rise to a sexual 
generation. Since the 
reduction division takes 
place on tke formation of 
the spm’es, tlie sexual 
generation is haploid and 
the asexual generation 
diploid. 

The SEXUAL GENERA- 
TION is termed the PRO- 
THALLTUM or GAMETO- 
PHYTE. It never reaches 
any great size, being at 

most a X.ProtliaUmmseeu 

diameter; in some foims aWonia; 

it resembles in appearance Pi^othallium with young fern attached to it hy its loo , 

a simple, thalloid Liver- O.’ae first leaf; the primary root. (xcrcaS.) 

ITmalf t^r^een Thallus, attached to the soil by rhizoids 

th.“.n<ler side (Fig. 461 J). In % 

mentous ; sometimes it 
is a tnberons, colour- 
less mass of tissue, 
partially or 
buried in the ground, 
and leading a sapro- 
phytic existence, in 
symbiosis -with, an endo- 
phytic fungus forming 
a mycorrhiza, while in 
certain other divisions 
of the Pteridophyta it 

Fig embryo freed from t^^ Undorgoes^ 

in loTigitudinal section (after KienitzUerloff); A basa^ and remains more 

ir transverse wall dividing the egg-cell into quadmnts ; rudi- completely enclosed 

nieiit of the foot/, of the stem of the first leaf 6, of the root w. • . i • xn ^ sT) 0 T 6. 

P section of a further-developed embryo of tom WltU 1 

(afte Hofmeistee); /, foot still embedded in the enlarged Qn the protballia arise 
venter of the archegonium aw ; pr, proihallium. (Magnified.) SeXUal organs, 

onthpridia (Bdes 468, 475), producing numerous ciliate, usually spiral 

(Fig. «9, 476), i. ct 

a single egg-cell. As in the Mosses the presence of water is necessary 
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for fertiiisation; The spermatozoids are induced to direct their motion 
toward the archegonia by the excretion from tlie latter of a sulistance 
which diffuses into the surrounding water. In Ferns, Sakmia, 
Equisetim, Selaginella, and Isoetes, this substance is malic acid or one 
of its salts, while in Lycopodium it is citric acid. 

Other organic acids, some salts of the metals, and even some alkaloids may 
serve as attractive substances. Differences exist in the, beliaviour of different 
genera in this respect. The cbemotactic sensibility of the spermatozoids may 
exist for a number of substances 

After the fertilisation of the egg-cell by a spei'matozoid there is 
developed from it, as in the Bryophyta, the diploid asexual genera- 
^ tion ; this is the cormopiwtic 

sp The asexual generation 

s g or sporophyte is represented 

by a plant possessinga highly 
^ r differentiated internal struc- 

externally seg- 
-mented into stem, leaves, 
II jM and roots. In the majority 

^ Pteridophytes (Ferns, 

Equisetum\ the fertilised 
egg-cell, while still in the 
archegonium, surrounds it- 
self with a cell wall and 
undergoes division, first into 
two cells, by the formation 
of a basal wall, and then 
into octants by two walls 
at right angles to each other and to the basal wall. By the 
further division of these eight cells a small mass of tissue is formed, 
and from this are developed the stem apex, the first leaf, the 
primary root, and an organ peculiar to the Pteridophytes, the so- 
called FOOT (Fig. 462 /). The foot is a mass of tissue, ’^-•by means 
of which the young embryo remains attached to the parent prothallium 
and absorbs nourishment from it, until, by the development of its 
own roots and leaves, it is able to nourish itself independently. In 
some Lycopodineae {Lycopodium^ Selaginelh) a suspensor consisting 
of one or a few cells is formed and serves as an absorbent organ. 
The prothallium usually dies after the development of the young 
plant. The stem developed from the embryonic rudiment may be 
either simple or bifurcated, erect or prostrate ; it branches without 
reference to the leaves, which are arranged' spirally or in whorls, 
or occupy a dorsiventral position. Instead of rhizoids, as in the 
Bryophyta, true roots are produced, as in the Phanerogams. The 


Fig. 463,— Transverse section of the rhizome of Pteri- 
dium. aquilin%rii, g, Concentric vascular bundles ; 
s, sclerenchymatous plates; sp, peripheral zone of 
sclerencliymatous fibres; r, cortex; e, epidermis, 
(X ^.) 
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leaves also correspond in structure with those of the Phanerog<ams. 
The three primary organs in most Pteridophyta grow by means of 
apical cells (Figs. 100, 101, 156). Such apical cells are not to be 
recognised in Lijcopodiwni and Isoetes^ while Selaginella shows both 
growth by an apical cell and the transition to growth by a number 
of initial cells. Stems, leaves, and roots are traversed by well- 
differentiated vascular bundles, and the Pteridophytes are, in conse- 
quence, designated Vascular Cryptogams. The bundles of the great 
majority of Pteridophytes are as a rule constructed on the concentric 
and radial types (cf. pp. 99 ff., Figs. 4-63, 464). Secondary growth in 
thickness, resulting from the activity of a special cambium, occurs only 


ri' 



Fia. 464.— Trans verae section of stein of Lycopodlmn complanatim. cp, Epidermis ; -ve, pp, outer, 
inner, and innermost parts of the primary cortex, surrounding the central cylinder composed 
of xylein and phloem regions ; sc, scalariform tracheides ; sp, annular and spiral tracheides ; 
'y, phloem. (x26. After Stbaskurger.) 

occasionally in existing forms, but it was characteristic of the stems of 
certain extinct groups of Pteridophytes. 

The course of the vascular hundles in the leaves (venation) provides important 
.characters for classification, especially in the Ferns (Fig. 465). While only a single 
median nerve is present in the simple leaves of the Horse-tails and Olub-mosses 
the nerves of the leaves of Ferns branch in the most various fashion ; they may 
be dichotomous or pinnate and either end freely or anastomose to form a system 
of meshes. In these polygonal meshes the ultimate branches may end blindly. 

The SPORES are produced in special receptacles termed sporangia 
(Fig. 466), which occur on the asexual generation, either on the 
leaves, or less frequently on the steins in the axils of the leaves. 
The leaves which bear the sporangia are termed SPOROPHYLLS, The 
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Sporangium consists of a wall enclosing the sporogenous tissue^ the 
cells of which, becoming rounded off and separated from each other 
as spore-mother-cells, give rise each by a reduction division to four 
tetrahedral spores (spore-tetrads). The cells of the innermost layer of 

the sporangial wall are rich in proto- 
plasm, and constitute the TAPETUM. 
This layer persists in the Lycopo- 
dineae, but in the case of the Ferns 
and Equisetineae the walls of the 
tapetal layer become dissolved. In 
the course of the development of 
th e sporangium the tapetal cells 
then wander in between the spore- 
mother- cells, their nuclei dividing 
amitoticaily , so that the spo,r es 
eventually lie embedded in a muci- 
laginous protoplasmic mass, the 




Pig. 455. — Venafeion of Ferns. J, Adiantim 
capiUm veneris (venatio cyclopteridis). P, 
Asplenium adiantum nigruin (v. spheno- 
pteridis). 0, Aspleninm esonlentum, (v. 
gonioptericlis). D, Polypodimn serpens (v, 
inarginariae). E, Polypodimn nereifolkm 
(v, goniophlebii), F, Onoclea sensibilis (v. 
sageiiiae). 


Fig. 4(55. — Developineiit of tlio spor- 
angium of Asidenium. A, First divi-- 
sions of the yoimg sporangium which 
has originated from a single superficial 
cell. If, Division into the wall (io), 
and the central archeaporial cell (ar) 
which has cut oif one of tl'.e tapetal 
cells (t). C, Older stage in which the 
archesporial cell has given rise to the 
tapetal cells and the sporogenous 
tissue (sp). (x 300. After Sadebeck.) 


PERIPLASM, from which they derive nourishment The wall of 

the mature sporangium is formed of one or a number of layers of 
cells. The unicellular spores have cell walls composed of several 
layers. The young spore on becoming isolated in the tetrad surrounds 
itself with a outinised membrane (exospore) within which a cellulose 
layer (endospore) is deposited. In many cases a perispbre is deposited 
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by the periplasm upon the exospor^ (in Horse-tails, Hi^dropterideae, 
and some Ferns). 

The spores of the majority of the Pteridophytes are of one 
kind, and give rise on germination to a prothallium, which produces 
both aritlieridia and archegonia. In certain cases, however, the 
protliallia are dioecious. This separation of the sexes extends in 
some groups even to the spores, which, as maorospores (megaspores), 
developed in MAOROSPORANGIA (megasporangia), give rise only to 
female prothallia ; or as MICROSPORE&, which are produced in 
MTCROSroRANGiA, develop similarly only male prothallia. In accord- 
ance with this difference in the spores, a distinction may be made 
between the homosporous and heterospo ROUS . forms of the same 
group ; but this distinction has no systematic value in defining the 
different groups themselves, as it has arisen independently in several 
of them. 

Tlie correspondence in the structure of their antheridia, archegonia, and 
spore-moth er-cells is in favour of a relationship between the Bryophyta and the 
Pteridophyta. Though both groups may have had their origin from a common 
group of Algae (p. 482), an independence in the further course of development 
must be assumed in the two cases. In particular, it is impossible to derive the 
sporophyte of the Pteridophyta from the sporophyte or sporogoniiim of the Moss. 
While the latter without attaining any vegetative complexity comes to an end early 
with spore- formation, the Fern sporophyte becomes differentiated into stem, leaf, 
and root. The vascular bundles appear as quite new structures, the possession of 
which enables the sporopliyte to proceed to the development of a large complicated 
and sometimes tree-like terrestrial plant ; this contrasts with the Bryophyta, where, 
owing to the simple cellular structure and the absence of special water-conducting 
channels, no great size can be reached. The plant only proceeds at a late stage to 
the production of spores. The spore-mother-cells are formed endogenously in special 
parts of the leaf; these are indeed called ‘‘sporangia,’’ but are not homologous 
with the sporangia of Thallophyta. On this account it w'ould seem advisable to 
use a new term (sporo thecae) for the so-called sporangia of Pteridophyta. The 
spore-mother-cells, which may be most closely compared with the tetrasporangia 
of Brown and Red Algae, correspond, rather than the sporothecae, to the sporangia of 
Thallopliyta. 

The gametophyte of the' Vascular Cryptogams closes its development early by 
the formation of sexual organs, Tlie typical fern-pro thallus hardly surpasses the 
juvenile form of a thallus, while in the Bryophyta, on the other hand, the sexual 
generation exhibits a progressive development (^®). 

The Pteridophyta are divided into the following Classes.^ 

1. Filidnae, — Perns. Stem simple or branched, with well- 
developed, alternate, often deeply-divided or compound leaves called 

To these must lie added the recently established Class of the Psilophytales, This 
includes the most simply organised Vascular Cryptogams. In some {Uhynia, Borneo) 
the plant is rootless and leafless, consisting' of a rhizome, branched cylindrical aerial 
stems, and laige terminal sporangia. In Asteroxylon and Psilophyton the stems bear 
small simple leaves. A full account of these simple Vascular Cryptogams of Early 
Devonian age will be found in Scott’s Studies. in Fossil Bdtdpyi 3rd ed., vol. i.] 



502 


BOTANY 


PAET II 



either on the under j 
enclosed in specia 

mnlticiliate. 

Filicinae euspOTCingiatae. — t 
several layers of celh 

Filidme leptosporcmgiatae. 


fronds. Sporangia 
united in sori or free, or 
Spermatozoids 

Sub-Class 1 

wall composed of 

Sub -Class 2, 

walls one layer thich 

Order 1. Filicss. 

Order 2. Ilydroptericleae, 

2. Eqiiisetinae, 

with whorled, scale-like leaves forming 
Sporophylls peltate, bearing a number . 
and aggregated into a cone at tbe 
Spermatozoids multiciliate. 

Order 1. Equisetaceae.—'EorsB-ta.ils. Homosporous, herbaceous 
plants. 

Order 2. Calcmariacecte.—C&lamites. Homosporous or betero- 
sporous. Extinct arborescent plants. 

3. Sphenophyllinae 

Order 1. SpheMphyllaceae.—Btero slender; leaves -in ’^orls. 
Sporopbylls %vith 1-4 sporangia, borne in cones. Homo- 
sporous. Extinct plants. 

4. Lucopodhiae.—Stem simple or dichotomously branched. Roots 
•dichotomous. Leaves alternate, simple. Sporangia with firm walls, 

always borne singly in the axils of the sporophylls. 

Order 1. Liicopodiaeeae. — Club -mosses. Homosporous; sper- 

matozoids biciliate; herbs with dichotomously branched 


■Ferns, in the narrower sense, tlom osporous. 
-Water-Ferns, Heterosporous. 

•Horse-tails. Stem simple or verticillately branched, 
a united sheath at each node, 
if sporangia on the under side, 
apex of each fertile shoot. 
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Order 6. Lepidodendraceae. — Extinct. Heterosporous ; re- 
peatedly dicliotomously branched trees. 

5. Ptendosjjermeae . — Extinct plants with the habit of large ferns. 
Heterosporous with microsporangia and seed-like macrosporangia. 
Tderived from Eusporangiate Ferns. 

Class I 

Fiiieinae (Ferns) C’ 

The great majority of existing Pteridophytes belong to the 
Ferns, taking the group in a wide sense. Two sub-classes are 
distinguished according to the structure of the sporangia. The 
Eusporangiate Ferns are characterised by sporangia, the thick wall 
of which consists of a number of layers of cells. They open by a 
longitudinal split. The Leptosporangiate Ferns, on the other hand, 
have sporangia which, when mature, have their wall formed of one 
layer of cells, and dehisce transversely or longitudinally. Stipules, 
which are found at the base of the frond in the former group, are 
wanting in the Leptosporangiatae. Differences also exist in the 
prothalliTs and in the structure of the sexual organs. Only in some 
groups of Leptosporangiatae is there a perispore deposited on the 
outside of the exospore. 

While in earlier geological periods the Eusporangiatae were abundantly 
represented, they now include only two families, each with a few genera. They 
appear to represent the more ancient type of Ferns and to stand nearest to the 
forms from which the Fiiieinae liave been derived. Along with them, even in 
j)alaeozoic times we have the Leptosporangiatae, from which in later cretaceous 
and tertiary times the Hydropterideae have branched off as a small group of 
aquatic or marsh-growing Ferns. In the Hydropterideae only among Ferns the 
spores are differentiated into microspores and macrospores. 

Sub-Class L Eusporangiatae 

Order 1. Marattiaceae 

This order, perhaps the nmst primitive of existing Ferns, includes about 20 
stately tropical ferns with thickened tuberous stems and usually very large leaves 
provided with two stipules at the base. The sporangia are situated in groups 
(sori) on the under surface of the leaves, and are either free (Angiopteris) or united 
to form an oval capsule-like body, the chambers of which arc the sporangia. The 
pro thallium in contrast to that of the Ophioglossaceae is a green, heart-shaped 
thallus, resembling that of a Liverwort and growing on the surface of the soil. 
It is sometimes dicliotomously branched. The sexual organs resemble those of 
the following order but are developed on the lower surface of the prothallus. An 
endophytic fungus occurs in the cells of the prothallus. 



Order 2. Opliioglossaceae 






Fio. 467.— j;, BotryeUmn lunaria. Sporopliyte. (-^ nat. size.) B, Transverse section of the pfo« 
tliallus; an, antheridiiim ; ar, arcliegoninm ; em, embryo; en, ftingal hyphae (x 45). C, 
Prothallus bearing two embryos, the roots of which have emerged (x 16). D, Embryo with 
the first and second roots (wi, «>«) and foot (/) (x 16). E, Ophioglommi vidgafum. Sporophyte 
showing the bud for the succeeding year, (J nat. size.) F, Opliioglossum imlgatmi. 
Prothallus. an, antheridia ; ar, archegonia ; , Ic, young plant with the first root ; ad, 
' adventitious branch ; Ti, fungal hyphae. (x 16. B*D, F after Beuohmann.) 


each year. The leaves in both cases are provided with leaf-sheaths. In OpJiioglossum 
the leaf is tongue-shaped, in BotrycMuniit pinnate. These leaves bear on their 
upper side a fertile segment arising near the upper end of the leaf- stalk. This 
fertile segment in OpMoglosmm is simple and cylindrical, with the sporangia sunk 
in two rows ; in Botrychmm it is , pinnately branched in the upper part, and 
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thickly beset on the inner side with large, nearly spherical sporangia. The course 
of the vascular hiiiidles and occasional reversions indicate that the fertile segment 
is derived from the union of two basal pinnae. 

Our knowledge of the peculiar monoecious prothalli of the Ophloglossaceae is 
largely due to Biiuchxann ; they are long-lived, subterranean, saprophytic, 
tuberous bodies without chlorophyll but inhabited by a mycorrhizal fungus. In 
Oj}MoyJussitm (Fig. 467 F) they are cylindrical and radially symmetrical, simx>le 
or branched ; in Botrychmm (Fig. 467 B, G) they are oval or heart-shaped and 
dorsiventral. The antheridia (Fig. 468) and arcliegonia (Fig. 469) are sunk in 
tlie tissue of the prothalliis. The antheiidium encloses a large spherical mass of 
speriuatozoid mother-cells which are set free when mature by the swelling of the 


Fig. ^Q^.—Ophioglossum -nLlgatim. (7, Stages 
in the development of the antheridium from 
a superficial cell ; the upper cell in C gives 
rise to the cover-cells, the lower to the 
mother cells of the spermatozoids. I), 
Antheridium not yet opened ; d, cover-cells. 
jS, Spermatozoid. (After Bruchmann.) 


Pig. 469. — Ophioglosmm vuJgatwn. A-C, De- 
velopment of archegonium. D, Mature opened 
archegonium with two spermatozoids (s) in 
front of the opening ; 7t, neck-cells ; hk, neck- 
canal-cells ; o, egg-cell ; h, basal coll. (After 
Bruchmann.) 


contents and the breaking down of one of the central cells of the outer wall. The 
spermatozoids have a spirally Avound body and numerous cilia ; a small vesicle is 
adherent to the spermatozoid (Fig. 468 B), The antheridia originate from single 
superficial cells (Fig. 468 A~G), as do also the archegonia (Fig. 469 A-G). The 
slightly projecting neck of the latter opens after the neck canal-cell has swollen 
and disintegrated ; the oospliere {o) remains in the sunken venter. In many species 
the embryo leads a subterranean existence for several years. The primary root is 
first formed and soon projects from the archegonium (Fig. 467 G, Tc) \ later 
the fix’st leaf and the apical cell of the stem are differentiated. In some species of 
Botrychium the embryo forms an elongated multicellular suspensor at the end of 
which the proper embryonic mass is formed. In this an agreement with the 
Lycopodinae is evident (cf. Fig. 493 and Fig. 498), which do not in other respects 
show any close relationship to the Eusporangiatae. 

Sub-Class IL Leptosporangiatae 
Order 1. Filiees 

The Filiees, or Ferns, in the narrower sense of the word, comprise 
a large number of genera with numerous species, being widely distri- 
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biited in all parts of the world. They attain their highest develop- 
ment ill the tropics. The Tree-Ferns {Qyatheay AlsopMla.^^D 
which include the largest representatives of the order, occur in 
tropical countries, and characterise the special family of the Cyatheaceae. 
The stem of a Tree-Fern (Fig. 470) is woody and unhranched : it bears 
at the apex a rosette of pinnately-compound leaves or fronds, which are 



Fig. 470.-~Al$opMla ermitu. A Tree-Fern growing in Ceylon. (Reduced.) 


produced in succession from the terminal bud, and leave, when dead, 
a large leaf scar on the trunk. The stem is attached to the soil by 
means of numerous adventitious roots. The majority of ferns, how- 
ever, are herbaceous, and possess a creeping rhizome, terminating 
usually in a rosette of pinnate or deeply-divided leaves. Such a 
habit and growth are illustrated by, the common Male Fern Dryopferis 
(Aspidium) filix mas^ the rhizome of which is official (Fig. 471). The 
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the upper side of the creepiog branched rhizome. In other cases 
the leaves may be simple and undivided, as in the HartVTongue 
Fern, ScolojMndrium mdgare (Fig. 472). In the tropics many herbaceous 
Ferns grow as epiphytes on forest trees (cf. p, 183). 'When young, 
the leaves are coiled at the tips (Fig. 470), a peculiarity common to 
the Ferns as a whole, and to the "Water-Ferns. Unlike the leaves of 
most Phanerogams, those of the Ferns continue to grow at the apex 
until their full size is attained. Peculiar brownish scales (paieae, 
ranienta), often fringed and consisting of a single layer of cells, invest 
the stems, petioles, and sometimes also the 
leaves of most Ferns. 

The sporangia are generally produced in 
large numbers, on the under side of 
leaves. The sporophylls, as a ridi, resemble 
the sterile, foliage leaves. In a few genera 
a pronounced lieterophylly is exhibited : thus 
in the Ostrich Sirutlmpterk germanica^ 
the dark brown sporophylls are smaller and 
less profusely branched, standing in groups 
in the centre of a rosette of large foliage 
leaves. Blechmm spicant is another example. 

In the different families, differences in 
the mode of development as well as in the 
form, position, and structure of the spoeangia 
are manifested. 

The sporangia of the Polypodiaceae, in 
which family the most familiar and largest 
number of species are comprised, are united 
in groups or soei on the under side of the 
leaves. They are borne on a cushion - like 
projection of tissue termed the EEGEPm 
(Fig. 471 A), and in many species are covered 
by a protective membrane, the inbxjsium, 
which is an outgrowth of the tissue of the 
leaf (Fig. 471 B, G), Each sporangium 
arises by the division of a single epidermal 
cell (Fig. 466), and consists, when ripe (Fig. 473), of a capsule at- 
tached to the receptacle by a slender multicellular stalk, containing a 
large number of spores, which only in a few genera (Asplenium,Jspidkim, 
Acrosticlmm^ etc.) are surrounded by. a perispore. The wall of the 
capsule is formed of a single layer of cells. A row of cells with strongly 
thickened radial and inner walls, extending from the stalk over the 
dorsal side and top to the middle of the ventral side of the capsule, 
are specially developed as a ring or ANNULUS, by means of which the 
dehiscence of the sporangium is effected. This type of annulus is 
characteristic of the Polypodiaceae. 



Fig. i72,-~S<::ohpendriim 'inilgare. 
0i nafc. size.) 
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On cliying of the wall of the sporangmm the cohesion of the Temaining 
water in tiie cells of the annulus cliws lu the thin outer walls of these cells ; this 
causes the annulus to shorten and determines the dehiscence of the sporangium by 
a tran verse slit between the broad terminal cells of the annulus. When the pull 
exerted by the cohesive power of the water suddenly gives way, the annulus returns 
by its own elasticity to its original position, thus effecting the dispersal of the 
spores. The sporangium remains open owing to the drying and contraction of 
the thin cell walls 

The form and insertion of the sori, the shape of the indusiiim when present, 
or its absence, all constitute important criteria for distinguishing the different 
genera. The sori of Saolopendrium (Fig. 472) are linear, and covered with a 
lip-shaped indusium consisting of one cell-layer. They are so disposed in pairs 
on different sides of every two successive nerves, that they appear to have a 
double indusium opening in the middle. In the genus DryoiyUris [AspidluM^ on 
the other hand, eacli sorus is orbicular in form and covered by a peltate or 



B'ig. 4’7:i.— -Sporangia. DryopUris (Asp'klium) filvx mas ; there is a glandular hair at the base. 

B and 0, AIsopMla armafa, seen from the two sides. X), Anpim'ia candata. E, Osmunda 
reyalis. (A-D X 70 orig. ; E x 40. After Lurssen.) 


reniform indusium attached to the apex of the placenta ; a glandular hair is 
frequently present on the stalk of the sporangium (Fig. 471). The. sori of Poly- 
podium mdgare are also orbicular, but they have no indusia. In the common 
Bracken, Ptcridium aqidlinum^ the sporangia form a continuous line along the 
entire margin of the leaf, which folds over and covers them. 

Besides the Polypodiaceae the Ferns include other families, mainly represented 
in the tropics, the sporangia of which differ in the construction of the annulus 
and in the mechanism of their dehiscence. The sporangia of the Oyatheaceae, to 
which family belong principally the Tree-Ferns, are characterised by a complete 
annulus extending obliquely over the apex of the capsule (Fig. 473 C). 

The Plymenophyllaoeae, often growing as epiphytes on Tree-Ferns, have also 
sporangia, with a complete, oblique annulus. The sporangia of the Sehizaeaceae 
and Gleicheniaeeac, on the other hand, have a transversely-placed annuius which, 
in the former (Fig. 473 i)), is close to the tip and in the latter above the middle 
of the s}iorangium, while in the Osmiindaceae, of which the Eoyal Fern, Osmunda 
Tcgalis^ is a familiar example, the annulus is represented merely by a group of 
thick-walled cells just below the apex of the sporangium (Fig. 473 A), In the 
three last-named families the sporangia open by a median split; in the three 
preceding families the dehiscence , is transverse, or oblique. There are thus two 
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main groups of longicidal and brevicidal Leptospoi’angiataCj the Eusporangiatae 
Goiiiiiig closer to the former 

All the liiembers of the Filices are homosporous. The PRO- 
TILALLIUM has usiially the form of a small, flat, heart-shaped tliallus 




Fig. i74:.-~Tntihommes rigidim. Portion 
of a prothallns with an archegoniophore 
(.^0 to which a young plant is attached. 
(After Goebel.) 



li'io. 475.— Mature antheridinm of Woodsia 
ilvensis ; the cuticle (c) is ruptured. B, 
Open antheridinm; d, cap-cell; r, swollen 
annular cells. (After Sgelumberqer.) G, 
Spermatoscoid of Stmthiopte^Hs germanica; 
k, nucleus ; cZ, cilia ; h, vesicle derived from 
the vacuole ; c, cytoplasm, ( x 850. After 
-Shaw.) ■ 


(Fig. 461), bearing the antheridia and archegonia on the under side 
which is turned from the light. 

In certain Hymenophyllaceae {Trickommies) the prothalliuni is filiform and 
branched, resembling in structure the protonema of the Mosses, and producing 
the antheridia and archegonia on special multicellular lateral branches (Fig, 474). 

- The ANTHERIBIA and archegonia are similarly constructed in 
nearly all Leptosporangiatae, and present differences from those of the 
Eusporangiate Ferns. The antheridia are spherical projecting bodies 
(Fig. 475), arising on young prothallia by the septation and further 
division of papilla-like protrusions from single superficial cells. When 
mature, each antheridium consists of a central cellular cavity, filled 
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witli spermafcozoid mother cells, and enclosed by a wall formed of 
two ring-shaped cells and a lid-cell. The spennatozoid mother cells 
are produced by the division of the central ceil, Thej^ are discharged 
from the antheridiiim by the pressure exerted by the swollen ring 
cells, and the consequent rupturing of the lid-cell. Each mother cell 
thus ejected liberates a spirally coiled spermatozoid. The anterior 
extremity of the spermatozoid is beset with numerous cilia, while 
attached to its posterior end is a small vesicle which contains a 
number of granules, and represents the unused remnant of the 
contents of the mother cell 

The archegonia arise from the many-layered median portion of 
older prothallia. They are developed from a single superficial cell, 
and consist of a ventral portion, embedded in the pro thallium, and a 
neck portion. The neck, which projects above the surface of the 


Fig. 4:76.~-Polypodium valgare. J, Young arcliegoniuiu not yet open ; IC, neck-canal-cell ; 

K", ventral-canal-cell ; o, egg-cell ; B, mature archegoniura, open, (x 240. After Strasburger. 

prothallium, consists of a wall composed of a single layer of cells 
made up of four cell rows (Fig. 476); it encloses the elongated neck- 
canal- cell. The ventral portion contains the large egg-cell and the 
ventral-canal-cell immediately above it. As the archegonium matures, 
the canal-cells become disorganised, and fill the canal with a strongly 
refractive mucilaginous substance. This swells on the admission of 
water, and, rupturing the neck at the apex, is discharged from the 
archegonium, which is now ready for fertilisation. The development 
of the embryo is represented in Fig. 462. 

In certain ferns the sporophyte may originate on the prothalliis by a process of 
budding or direct vegetative growth ; the sexual organs are not formed or they take 
no part in the production of the plant (apogamy). Conversely the prothallus m^y 
arise directly, without the intervention of spores, from the tissues of the leaf 
(apospory). 

Ofi^ioial. — Dryopteris {Aspidium) fiUx mi ; S , provides, fihx mas. 

The long silky brown hairs from the base of the leaf-stalks of various Tree-Ferns, 
especially Gihotmm Barometz, and other spVecies of this genus, , in the East Indies 
and the Pacific Islands, are used as a styptic, and also for stuffing cushions, etc. 
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Order 2. Hydropterideae (Water-Ferns) 

The Y^ater-Ferjjs include only a few genera, whieli are more or less aquatic in 
bahit, gi'owiiig either in ^Yater or marshy places. They are all heterosporoiis. The 
inncro- and niicro-sj)orangia do not develop, like those of the Filices, on the under 
side of the leaves, hut are enclosed in special receptacles at their base, constituting 
sporangial fructifications or sporocarps. The wall of the sporangium, which consists 
of a single Inyer of cells, has no annulus. The spores are surrounded by a 
specially developed perisporinm. 




Fig. 477. — A, Marsllia qmulrifolm; a, young leaf; Sy sporocari)S. i?, IHlnlarla ahhidifeni \ 
s, sporocarp. (After Bischoff, reduced.) 

The Water-Ferns are divided into two families : Marsiliaceae^ including three 
genera, and SalmQiiaccaCy with tw^o genera. 

To the Marsiliaceae belongs the genus Marsilia^ of which the European i/. 
quadrifolia (Fig. 477 A) may be taken as an example. This species has a slender, 
creeping, branched axis, bearing at intervals single leaves. Each leaf has a long 
erect petiole, surmounted by a compound lamina composed of two pairs of leaflets 
inserted in close proximity. The stalked oval sporocarps {$) are formed in pairs 
above the base of the loaf-stalk, or in , other species they are more numerous. Each 
of them corresponds in development to the quadripinnate sterile lamina; but is not 
divided into pinnae. The young leaves, as in the Filices, are circinate. 

Pilularia also grows in bogs and marshes. P. globuUfem is found in 
Britain. It differs from Manilia in its simple linear leaves, at the base of which 
occur the spherical sporocarps, which arise singly from the base of each sterile 
leaf-segment ; the sporocarp corresponds to, a segment of the leaf (Fig. 477 P). 






Biv* t: 


PTERIDOPHYTA 


Tlie Salviniaceae contains only free-floating aquatic plants belonging to the two 
genera Salvmia and A 7 MIC 0 , In Salmnia natans, as representative of the flrst genus, 
the sparingly-branched stem gives rise to three leaves at each node. The two 
upper leaves of each whorl are oval in shape, and developed as floating foliage 
leaves ; the third, on the other hand, is submerged, and consists of a number of 
pendent, filamentous segments which are densely covered with hairs, and assume 
the functions of the missing roots. The sporocarps have an entirely different mode 
of development from those of the Marsiliaceae ; they are spherical, and are borne 
in small groups on the submerged leaves at the base of the filamentous segments 
(Fig. 478 A). The sporangia are produced within the sporocarp from a column-like 
receptacle, which corresponds in origin to a modified leaf-segment. The envelope 
of the sporocarp is equivalent to an indusium ; it arises as a new growth in the 
form of an annular wall, which is at first cup-shaped, but ultimately closes over 
the receptacle and its sorus of sporangia. 


Fig. ^1%.-^Salwvia'iiatans. Seen from the side; from above (after Bischoff, reduced). C, 
An embryonic plant ; nsp, macrospore ; p, protballium ; a, stem ; &2 j t? 3 , the first three 

leaves ; &x, the so-called scutiform leaf, (x 15. After Pbingsheim.) 

The second genus, Azolla>, is chiefly topical, represented by small floating 
plants, profusely branched, and beset with two-ranked closely crowded leaves. 
Each leaf consists of two lobes, of which the upper floats on the surface of the 
water, while the lower is submerged, and assists in the absorption of water. A 
small cavity enclosed within the upper lobe, with a narrow orifice opening outwards, 
is always inhabited by filaments of the Blue Green Alga, Anabacna azollae. From 
the fact that hairs grow out of the walls of the cavity between the algal filaments, 
the existence of a symbiotic relation between the two plants would seem to bo 
indicated. Azolla, unlike SaMnia, possesses long slender roots developed from 
the under side of the stem. The sporocarps are nearly spherical, and produced 
usually in pairs on the under side of the leaves of some of the lateral branches. 

In the structure of the sporangia and spores, and in the development of the pro- 
thallia, the Hydropterideae differ in some respects from the Filices. These differ- 
ences may be best understood on reference to SaMnia natans as an example. 
The sporocarps contain either numerous microsporangia or a smaller number of 
macrosporangia (Fig. 479 A, ma, mi). In structure both forms .of sporangia 
resemble the sporangia of the Leptosporangiate Ferns ; they are stalked, and have, 
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when mature, a thin wall of one cell-layer, but no annulus {B, D). The miceo- 
SPOEANGIA enclose a large number of microspores, which, as a result of their 
development in tetrads from the mother-cells, are disposed in groups of four (6'), 
and embedded in a hardened frothy mass filling the cavity of the sporangium. 
This frothy interstitial substance is derived from the tapetal cells, which gradually 
lose their individuality and wander in between the spore-mother-cells. 

The microspores germinate within the microsporangium, which does not open ; 
each germinating microspore puts out a short tubular male prothallium, which 
Xnerces the sporangial wall. Two antheridia are developed in this by successive 
divisions (Fig. 480). Each antheridinm produces four spermatozoids, which are 
set free by the rii];>ture of the cell walls. Although the whole male i»rothallium is 
thus greatly reduced, it nevertheless exhibits in its structure a resemblance 
to the prothallia of the Filices. 

The MACiiospoEANGiA are larger than the microsporangia, but their walls 





Fm. 479 . — Sahnnia natmis, ' A, Three sporocarps in median longitudinal section ; 7na, macro- 
sporocarp ; mi, microsporocarp ( x 8); B, a microsporangium (x 55) ; C, portion of the contents 
of a microsporangium, showing four microspores embedded in the frothy interstitial substance 
( X 250) ; Dy a macrosporangium and macrospore in median longitudinal section ( x 55). 
(After Strasbukger.) 


consist similarly of one cell-layer (Fig. 479 D), Each macrosporangium produces 
only a single large macrospore, which develops at the expense of the 32 
spores originally formed. The macrospore is densely filled with large angular 
proteid grains, oil globules, and starch grains ; at its apex the protoplasm is 
denser and contains the nucleus ; the membrane of the spore is covered by a dense 
brown exospore, which in tuim is enclosed in a thick frothy envelope, the perispore, 
investing the whole spore and corresponding to the interstitial substance of the 
microspores, and like this formed from the dissolution of the tapetal cells. The 
macrospore remains within the sporangium, which is eventually set free from the 
mother plant and floats on the surface of the water. On the germination of the 
macrospore, a small-celled female prothallium is formed by the division of the 
denser protoplasm at the . apex, while the large underlying cell does not take part 
in the division, but from its reserve material provides the developing prothallium 
with nourishinent. The spore wall splits into three valves, the sporangial wall is 
ruptured, and the green prothallium protrudes is a small saddle -shajjed body. 
On it three to five archegonia are produced, but only the fertilised egg-cell of one 
of them develops into an embryo, the |opt of which remains for a time sunk in 
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the venter of the arcliegoniuni (Eig. 481). The first leaf of the germ plant is 
shield-shaped (Fig. 478 C) and floats on the surface of the water. 

The development of Azolla proceeds in a similar manner, but the sporangia 
and spores exhibit a number of distinctive peculiarities. The micro- and macro- 
sporocarps at first develop alike ; in each a single macrosporangium is laid down 
surrounded by the tubular indusium, and from the stalk of the macrosporangium the 
microsporangia grow out. In the microsporocarp only the microsporangia develop ; 
in the macrosporocarp, on the other hand, only the macrosiporangium becomes mature. 


Fig. 4:S0.-~Salvinia natmis. Development 
of the male prothallium. Division 
of the microspore into three cells 
I’lJl (x 860); B, lateral view ; C, ven- 
tral view of mature prothaliium (x 
640). Cell I has divided into the pro- 
thalliiim cells a and p ; the latter is 
the rhizoid cell; cell II into the 
sterile colls &, c, and the two cells si, 
each of which has formed two sperma- 
tozoid mother-cells ; cell III into the 
sterile cells d, e, and the two cells 52- 
The cells ^ 2^2 represent two 

antheridia ; the cells d, e, d, c, tlieir 
wall cells. (After Belajeff.) 


- 

Fig. 4Sl,~Scdidnia n<jdd^^ Embryo in lohgitudihal sec- 
tion ; pf , prothaliium ; S, spore-celt ; e, exinium ; p, 
perispore ; spw, sporangial waU 
y ; Ui, M% ' ^ 3 , the first three 

leaves ; si, apex of stem, (x 100.^^^ 

The 64 spores of the microsporangia are aggregated into several nearly spheri- 
cal bails or massulae, formed from t}i.e interstitial substance derived from the 
protoplasm of the tapetal cells. Each massula, enclosing a number of , spores, is 
beset externally with barbed, hook-like outgrowths of the interstitial substance 
(glochidia). On the rupture of the sporangia the massulae are set free in the 
water, and are carried to tlie macrospores, to which they become attached. In 
the macrosporangium 32 macrospores are laid down, but only one comes to maturity ; 
in the course of its development it supplants all the other sporogenous cells, and 
finally the sporangial w'ali itself becomes flattened against the inner wall of the 
sporocarp, frequently undergoing at the same time partial dissolution. The 
macrospore is enveloped by a spongy perispore, whose outer surface exhibits 
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numerous depressions and protuberances prolonged into filaments. At the apex of 
the spore the perispore expands into three pear-shaped appendages. The massulae 
become attached to the perispore. The wall of the sporocarp is ruptured at its 


lower portion, the ajjical portion 
remaining attached to the spore in 
the form of an ampulla-like covering. 
The formation of the protliallia is 
effected in essentially the same way 
as in SaZmnia, except that onlj’^ one 
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Pia. 482 . — Marsilia salvatrix. ' A, Sporo- 
carp (nat. size); st, stalk. E, Sporo- 
carp opening in water, sliowing the 
emerging mucilaginous cord. C, The 
mucilaginous cord (g) ruptured and fully 
extended ; sr, soral chamhers ; sc7i, hard 
shell of the sporocarp, D, An immature 
soTus; wn, maerosporangia ; mi, micro- 
sporangia. (After J. Sachs and J. Han- 

STEIW.) 



Fig. 483 . — Marsilia qmdrifoUa, Development of 
the male prothallus from the spore. A, The 
spore ; B, a small prothalliai cell (ji) is cut oil' 
by the wall (1 ) ; C and Z), further divisions, S],so, 
the mother-cells of the sperniatogenous tissue 
in the two antheridia; JS, mature condition, two 
groups of 16 spermatozoids having developed from 
S] and S 2 > fi® substance derived from the 

breaking down of the peripheral sterile cells ; F, 
a spermato2oi<l, highly magnified, showing the 
cilia arising from the elongated blepharoplast 
lying beside the spirally-wound nucleus. (After 
Leotee W. Sharp.) ' 


antheridiuni with eight spermato 2 !oids arises on each of the small male prothallia 
protruding from a massula. 

The sporocarps of the Marsiliaceae have a more complicated structure : those 
of Pilularia glohuUfera are divided into four chambers, each with a single sorus ; in 
Marsilia they enclose numerous sori (14-18) disposed in two rows. The sori in both 
genera contain both micro-. and macro -sporangia. These arise as in many ferns from 
superficial marginal cells and come to He in cavities by the upgrowth of the sur- 
rounding tissue. The outer layers of this become differentiated to form a hard coat. 
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After a period of rest tlie sporocai'ps germinate in %vater. In Pilularla the 
tissue surrounding the sori swells, biir.Hs the hard coat, and emerges as a 
mucilaginous mass ; this contains the sporangia from which, hy further swelling 
of the wails, the spores become free. The development of the prothalli and 
fertilisation take place in tlie mucilaginous mass that persists for some days. Tlie 
sporocarp of Marsilia, on the other 
hand, opens as two valves. A car- 
tilagiiious cord of tissue lying 

within the ventral suture of the I \ 

sporocarp swells p'catly, and split- 

ting the ventral suture emerges -'^Qy 

bearing with it the sori, enclosed W ^ 

by membranous investments (Fig. 

From the microspore a reduced ^ f' ^ 

male prothallus is developed within ^ 

the spore -membrane. This when ^ 
mature contains two antheridia, 

each with 16 spcrmatozoids, and MA •' 5 

liberates these as cork-screw-like, 

spirally- wound, motile spermato- sf^ 

zoids bearing numerous cilia (Fig, - ' ' ^ 

483). ■ B D 

Tlie thick -walled macrospore 

has, as in the case of Salvinia^ Fig. 484, — Marsilia vestita. Maerospore with the 
denser protoplasm at the summit. nucleus at the summit in the protoptam from 

m, . . « ,1 T 1 , which, the female prothallus shown m iJ IS derived ; 

This IS out, off from the large cell archegonium, with the ventral- 

enclosed in the spore-coat by a wall, canal-cell and neck-canal-cell above it ; Jc, nucleus 

and develops into a small green of the large cell enclosed in the spore-membrane, 

saddle-shaped prothallus composed 0, Young embiyo in the archegonium showing the 

of a few oells. This only forms a ""f 5, f." 

y , By Later stage ; lu, young root ; 6, first leaf ; si, stem ; 

single archegonium and is thus foot. {A x [QO;\B x 360; C x 525; D x 260- 

greatly reduced (Fig. 484). After D. Campbell.) 

The embryogeny follows the 

type of the Leptosporangiate Ferns, the egg-cell dividing hrst by a longitudinally - 
placed basal wall and then by transverse walls into quadrants ; these then divide 
to give the octants. The first leaf and the root arise from the two upper pairs of 
octants ; the lower pairs give rise to the foot and the stem-apex (Fig. 484 O', D), 
The prothallus grows for a time enclosing the embryo, and forms a few rhizoids 
from its lower cells. If fertilisation does not take place, a somewhat longer-lived 
protha;llus results, which does not, however, form further archegonia. 

An apogamous formation of the embryo has been shown to exist in certain 
Australian species oi Marsilia belonging to the group of M. Drwiumondii (^ 2 ^). 




nucleus at the summit in the pi-otoplasm from 
which, the female prothallus shown in B is derived ; 
0 , egg-cell of the archegonium, with the ventral- 
canal-cell and neck-canal-cell above it ; A:, nucleus 
of the large cell enclosed in the spore-membrane. 
Cy Young embryo in the archegonium showing the 
first divisions; jf, basal wall; 5^, quadrant walls. 
By Later stage ; w, young root ; 6, first leaf ; si, stem ; 
fy foot. {A X 160 X 360; C X 525; B x 260- 
After D. Campbell.) 


Class II 

Equisetinae (Horse-tails) 

Order 1. Equisetaceae 

The Equisetaceae include only, the one genus JSquisetmn, comprising 20 
species, found widely distributed over the whole world. The genus can he 
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traced back to the Triassic period. Developed partly as land, partly as swamp 
plants, they may always be distinguished by the characteristic structure and 
habit of the asexual generation. They have a branching, underground rhizome 
on which arise erect, aerial haulms, usually of annual growth. The rhizome of 
the common Horse-tail, JSquisetum armnse, develops also short tuber -like 
branches which serve as reservoirs of reserve material and hibernating organs 
(Fig. 486). The aerial haulms remain either simple, or they give rise to branch 
whorls, and these in turn to whorls of a higher order. Ail the axes are 
formed of elongated internodes ; they have a central pith-cavity and a peripheral 

series of smaller air channels. The col- 
lateral vascular bundles form a single 
circle, as seen in transverse section (Fig. 
485).. , 

At each node is borne a whorl of scale- 
leaves pointed at the tips, and united 
below into a sheath closely enveloping 
the base of the inteniode. The lateral 
branches are developed in the axils of the 
scale-leaves, but not having space to 
grow upwards they pierce the narrow 
sheath. As a result of the reduction of 
the leaf laminae, the haulms themselves 
assume the function of assimilation, and 
for that purpose their cortical tissue under 
the epidermis is provided with chloroi>hylh 
The sPoiiANGU A are borne on specialiy- 
shaped leaves or sporophylls. The sporo- 
phylls are developed in whorls, hut arc 
closely aggi’egated at the tips of the erect 
fertile shoots into a cone (Fig. 486), which 
is sometimes spoken of as a fiower, from 
the correspondence in its structure to 
the male- fiower of the Conifers. The 
lowest whorl is sterile, and forms a collar- 
like protuberance. The sporophylls (Fig. 
486 G) are stalked and have a peltate expansion, on the under side of which ai;e 
borne the (5-10) sac-like sporangia. In the young sporangium the sporogenous 
tissue is surrounded by a wall consisting of several cell layers, but eventually the 
tapetal cells of the inner layer become disorganised, and their protoplasm penetrates 
between the developing spores, forming the periplasmodium. At maturity the 
wall of the sporangium consists only of the outermost of the original layers ; the 
cells of this are provided with annular and spiral thickenings. The sporangia thus 
resemble the homologous pollen-sacs of Phanerogams. The dehiscence is determined 
by the cohesive force of the diminishing amount of water in the cells of the outer 
layer and the contraction of the thin parts of the cell walls on drying. The 
sporangia split longitudinally, and set free a large number of green spores, which 
are nearly spherical in shape, and have peculiarly constructed walls. In addition 
to the endospore and exospore, the spores are overlaid with a perispore deposited 
by the periplasmodium, and consisting of two spiral bands (elaters) which are 
attached to the spores only at their point of i:|tersection (Fig. 486 D). On drying, 
the spiral bands loosen and become uncoiled ; when moistened they close again 



Fig. 4i^6.~-Eqinset.um arvense. Transverse sec- 
tion tlirongli. tlie stem. m>, Lysigenic medul- 
lary cavity'; fj, endodennis; cl, carinal canals 
in the collateral bundles ; 'd, vallecular 
cavities ; hj}, sclerenchymatous strands in 
the furrows and ridges J ch, tissue of the 
primary cortex containing chlorophyll ; st, 
rows of stomata, (x 11. After^ Stuas- 

BURGER.) 
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around the spore. By means of their hygroscopic movements they serve to iiooh 




Fig. 486. —EquisetnM arvense. A, Fertile shoots, springing from tlxe rhizome, which also bears txxbers ; 
the vegetative shoots have not yet unfolded. F, Sterile vegetative shoot. C, Sporophylls 
bearing sporangia, which in C have opened. JO, Spore showing the two spiral hands (elaters) 
of the perispore. F, Dry spores showing the expanded spiral bands, (A, F, nat. size, 
il, C, D, E, enlarged.) 

together the spores, and in this way assure the close proximity of the unisexual 
prothallia which the latter produce (Pig. 486 M), 
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In certain species some of tlie aerial haulms always remain sterile, branching 
profusely, while others which produce the terminal cones either do not branch at 
all, or only at a later stage, and then sparingly. Tiiis distinction betAveen the 
sterile and fertile haulms is anost marked in arrciwe and JEquisetum 

TelmMeja^ in both of which the fertile shoots are entirely luibranched and 
terminate in a single cone (Fig. 486). Resembling in their mode of life a parasite 
upon the rhizome, they are otherwise distinguished from the vegetative haulms by 
their lack of chlorophyll and their light yellow colour, 

Uquisetiwi giganteum, growing in South America, is the tallest species of the 



Pig. ASl'.-~~-Eqtnsetim pvatense, 1, Female prothallium from the under surface, showing the arclie- 
gonia (A), 21, Male prothallium with antheridia (zl); d , cover cells of anthcridia. (I X 17, 
n X 12. After Goebel.) Ill, EquiseHmarveme, Sperimitozoid :■ Jc, nucleus ; W, cilia-torming 
blepharoj^last with cilia ; cytoplasm, (x circa 1250, Aitoi- Sharp.) IV , Eqiiisetvman-'ense. 
Embryo : I, 3, octant walls. The stem {st) and lirst leaf- whorl (h) arise from the iu>per half, and 
the root (w) and foot from the lower half, (x 165. After Sadebeck.) 

genus ; its branched haulms, supported by neighbouring jilants, attain a height of 
over twelve metres, and are about two cm. in diameter. 

The spores are all of one kind, and on germination give rise to thalloid 
pnoTHALLiA which are generally dioecious (Fig. 487). The female prothallia are 
larger than the male, and, branching profusely, are prolonged into erect ruffled 
lobes at whose base the archegonia are produced. In structure the archegonia 
resemble those of the Ferns, but the upper cells of the four longitudinal rows of 
cells constituting the neck are more elongated and, on opening, curve strongly 
outvrards. The spermatozoids, like those of ferns, bear numerous cilia. The first 
leaves of the embryo are arranged in a- whorl and encircle the apex of the stem. 
The growth of the embryo is effected by the division of a three-sided apical cell 
(Figs. 487 IF, 100, 101). 
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Pta. 489.— 1, Calcmostaohys Binneymwi., Cone in longitudinal section. Tlie same in transverse 
section. $, Ccdamostachys Casheanaf Transverse section of a sporangiophore, showing the stalk 
and three macrosporangia and one microsporangium. 4, Palmostachya, Longitudinal section 
of cone with axillary sporangiophores. (After Scott and Higkling, l^Vom Lotsy.) 




Fm. -iSS.--!, Arokaeocalnrnites racUatus, (After Stctr.) S, Annularia sidlata. (After Seward.) 
From Lotsy, Botaii. Stammesgeschichte. 
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The outer epidermal walls of the stem are more or less strongly impregnated 
with silica. In Eq%dset%(,m limmtU, and to a less degree in Equisetum arvense, the 
snicification of the external walls is carried to such an extent that they are used 
for scouring metal utensils and for polishing wood. 

Poisonous substances are formed in some species of Equisetum, and hay wnth 
wMcli the shoots are mixed is injurious to cattle. 


Order 2. Calamariaceae 



Fig. 490.— I, Sphcmpliyllum, showing the branched stem 
with both linear and wedge-shaped leaves and, on the 
right, an elongated cone. (After Scott.) J*, S, 
emarginatum. (After SEwARn.) From Lotsy. 


Sphenophyllinae 

This small class occupies an 
intermediate position between the 
Equisetineae and the Ly copodinae. 

The Sphenophyllinae were 
represented by two genera in 
palaeozoic times. Oheirostrobus 
from the Lower Carboniferous had 
complex cones of similar structure 
to those of the Calarnarieae, but 
approached Lepidode'ndron in 
anatomical structure. The species 
of Sphenophylhim which lived from the Devonian to the Permian periods were 
herbaceous land-plants with elongated internodes. The stems, which underwent 


This extinct order was highly developed in tlie palaeozoic period, especially 
in the Carboniferous, when it -was represented by numerous species. The plants 
resembled the Horse-tails in general habit, but in some cases attained the size of 
trees 30 metres high ; the hollow stem, W'hich bore wdiorls of branches at the 
nodes, w’as covered with a periderm, and underwent secondary thickening. 
The leaves {Annularicb^ Pig. 488) .stood in alternating whorls ; their form 
was narrowly lanceolate and at their bases they united into a sheath. In the 
most ancient type, Archaeocalamites (Fig. 488), they were dichotomously divided, 
and thus more fern-like. The cones or flowprs had in this genus the same structure 
as those of Equisetum \ in most cases they were more complicated, whorls of 
super|)osed scale-leaves separating the whorls of specialised sporangiophores. Each 
of the latter was a stalked peltate disc bearing, on its under side, four sporangia 

(Fig, 489). In Qalamostachys the 
sporangiophores are placed some 
distance above the corresponding 
sporophyils, while in Pa.laeo- 
stachya %l(ifby stand in the axils of 
the latter. They may be regarded 
morphologically as special out- 
growths of the scale-like sporo- 
phylls. It is an interesting fach, 
that ; heterosporous as well as 
homosporous forms occur among 
the Galamarieae. 
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secondary growth in tliickness, bore superposed wliorls of, usually six, wedge-sliaped 
or dicliotoniously-divided leaves. The spike-like cones resembled somewhat those 
of Eqa/iseturti ; each sporopliyll bore one to four hoixiosporous sporangia (Fig. 490). 

Glass IV 

Lyeopodinae (Club Mosses) 

The Lyeopodinae are sharply distinguished from the other Pteri- 
dophyta, by their general habit and the mode of their sporangial 
development. ■ ' 

They were abundantly represented in the pialaeozoic period and 
included arborescent forms belonging mainly to the extinct orders of 
Sigillariaceae and Lepidodendraceae. 

The numerous existing species are all herbaceous pilants. The 
most important genera, representing as many orders, are Lycojjoclium, 
Selaginella, and Isoetes, 

The dichotomous branching of the stem (Figs. 139, 141) and root and 
the simple form of the leaves are characteristic of the sporophyte. 
The two first-named genera have elongated stems and small leaves ; 
Isoetes^ on the other hand, has a tuberous stem and long awbshaped 
leaves. Unlike the fertile leaves of the Filicinae and Equisetinae, 
which always bear numerous sporangia, the sporopxhylls of the 
Lyeopodinae produce the sporangia singljq at the base of the leaves 
or in their axils. Although in many cases scarcely distinguishable 
from the sterile leaves, the sporophylls are frequently distinctively 
shaped, and, like those of Equisetum, aggregated at the ends of the 
fertile shoots into terminal spike -like cones or flowers. Compared 
with the leaves, the sporangia are relatively large and have a firm 
wall of a number of layers of cells. The innermost layer of the 
sporangial wall, the tapetal layer, is not absorbed. On this account no 
perispore is deposited on the spore-wall. The developing spores are 
surrounded with a mucilaginous nutritive fluid. The sporangia have 
no annulus. Except in the case of Isoetes, the spores of which become 
free by the decay of the sporangial wall, the sporangia dehisce by longi- 
tudinal slits, which divide the wall into two valves : the slits occur 
where rows of cells of the wall have remained thin. Lycopodium is 
homosporous, while Selaginella and Isoetes are heterosporous. The hetero- 
sporous forms produce only greatly modified and reduced prothallia ; in 
the genus Lycopodium, on the other hand, the prothallia are well de- 
veloped, and show certain resemblances to those of the Ophioglossaceae. 
The simplified prothalli of Selaginella and Isoetes may be compared to 
early stages of the prothalli of Lycopodium which have proceeded to 
form gametes early without undergoing vegetative development. 

The Lycopodiaceae and the Selaginellaceae agree in the segmentation of the 
embryo, which in both is characteaised by possessing a snspensor, and in the 
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structure of the spermatozoids, wliicli are biciliate. The Isoetaceae, on tlie other 
liandj have multiciiiate spemmtozoids and the embryo has no siispensor. On these 
grounds the two sub-classes of LycopoMnae hidliatae and Lycopoclinae phiri- 
ciliatac, may be distinguished. Herbaceous Lycopocls which are the forerunners 
of Lycopoclmm and SelagincUa are known in the Carboniferous, while Isoetes is 
only known with certainty from the Lower Cretaceous. 

Order 1. Lycopodiaceae 


The numerous widely-distributed species of the genus Lycopodium (Club 
Moss) are for the most part terrestrial plants ; in the tropics many pendulous 



Pig. 4:dl.— Lycopodium davatum. A, Old protliallus. B, ProtluiUus with young plant attached. 
0, Antheridiwn in vertical section. D, Sperraatozoids. j®, Young archegonium, the neclc, 
still closed. P, Open archegonium ready for fertilisation. G, Plant bearing cones nat. size), 
i?, Sporophyll with an opened sporangium. K, Spores from two points of view. A, A young 
subterranean sporeling still without chlomphyll (x 10); /, foot; %v, root; scale-leaves. 
(A-Pand A after Bruchmann.) - ■ , , ■ 

epiphytic forms also occur. In Lycopodium davatum^ one of the commonest 
species, the stem, which is thickly covered with small, awl-shaped leaves, 
creeps along the ground ; it branches dichotomously, and gives rise to ascending 
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lateral brandies, while from the under side spring tlie dichotomouslj-branchcd 
roots (Fig. 491). The cone -like jSowers, consisting of the closely- aggregated 
sporophylls, are situated in groups of two or more at the ends of the forked 
erect shoots. The sporophylls are not like the sterile leaves in shape ; 
they are broader and more prolonged at the tip-; each bears a large reniforra 
sporangium on the upper side at the base. The sporangium opens into two 



Fig. 49’2.-~J, Germinating spore of Lycopodium atinoHnum; r, rMzoid cell; Tj, basal cell; s, 
apical cell ; sp, spore-membrane (x 5S0). B, Older stage of the protliallus of the same species, 
showing tlie endophytic fungus (p) in the lower cells, and the apical cell divided into three 
inerisfcematic cells (x 470). 0, Lycopodium complanatum. Prothallu.s with anthoridia (an), 
archegonia (ar), and a young embryo (fc) (x 26). (After Bruchma-Nn.) 

valves and sets free numerous naiiiiite spores (Fig. 491 E). Lycopodium 
JSelago differs in habit from the other species ; its bifurcately-branched stems 
are all erect, and the fertile are not distinct from the vegetative regions of the 
shoots. 

The spores of the Lycopodiums are all of one kind, and in consequence of their 
formation in tetrads are of a tetrahedral though somewhat rounded shape. The 
exospore is covered with a reticulate thickening (Fig. 491 J, K). 

The prothallia developed from the spores -show a remarkable variety in the 
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group. Tlie protliallia of LyeopocUum clamtum (Fig. 491 J, B) and the closely 
related L. annotinum are small, white, tuberous structures, which live as sub- 
terranean sapivtphyles. -At first top- shaped, they become converted by the 
continued margiiia,! growth into cup-shaped lobed bodies, which may attain a size 
of two cejitiinetres. Long rhizoids spring from the lower surface, while the upper 

surface bears numerous antlieridia and 
€ archegonia. The spores only germinate after 
h seven years, forming at the expense 

their reserve materials a prothallus of five 
• ^ cells. Further development only takes place 

when fungal liyphae enter the lowest cells 
(Kg. 492 A, B). The endophytic fungus 
confined to the peripheral tissues of older 
^ protlialli ; it may emerge through the special- 

j ised basal cells of the rhizoids and invest 

^ j/} . \>et latter Only after twelve to fifteen 

q ' 'I /^\ years is the prothallus sexually mature, so 

y f \^et that its life may last some t'iventy years. In 
I \ L, complcmaUi'm (Fig. 492 0) the siibterra- 

B ^ — \ nean prothalli are turnip-shaped, in L. Sdago 

/V\n-A rounded or elongated cylindrical and dorsi- 

^ — \ ventral. The prothalli of the latter maybe 

' developed on the surface of the soil, in which 

urtxV^^ case they are green. In the case of Z. 

the prothalli of which are found on 
B damp peaty soil, and in the tropical B. cer- 

nuuTTi) with erect profusely-branched shoots, 
^ , . the prothalli are poor in chlorophyll and are 

LyaopotUim. complanatum. A, Embryo 3'ttached to the soil by rhizoids ; they have 
showing the first divisions ; the basal the form of small, half-buried, cushion-like 
wall I separates the snspensor (et) from masses of tissue, which give rise to green, 

tlwhodyofmemhv^^ thalloid lobes. The archegonia occur 

walls IJ and 11/ (the latter being m the . .i r , r i .i xil * t t 

plane of tlie section) together with the the baso of these lobes, the anthendia also 
transverse wall IF give rise to two tiers on their surface. All Lycopod prothalli have 
of four cells ; tlie tier next the sus- fungal filaments forming a mycorrhiza in their 
pensgr gives rise to the foot, the ter- peripheral tissue. 

minal tier forms the shoot ( X 119). B, m ^ n 

^ J-he prothallia are ail monoecious, ihe 

Embryo of medium age; .apex of ^ 

stem; h, rudiment of leaf; /, foot (x antlieridia are somewhat sunk in the tissue 
112). C, Embryo shortly before bimk- (Fig. 491 0) and enclose numerous spermato- 
ing out of the prothallus ; hh, the two goid mother-cells, in which small oval sperma- 
Hrst tees coverius tlm ap^x of the attached below the 

BnucoMANN.) apex, are fonned. The archegonia (big. 491 

Bf F) are constructed like those of the Ferns, 
hut the upper cells of the neck become disorganised on opening. The number 
of neck- canal- cel Is differs in the various species (1, 3-5, or 6-10). 

The embryo (Fig. 493) remains during its development enclosed in the 
prothallus. It has a spherical, in B. complana£um Gluh-shuped and irregular, 
foot which serves as an absorbent organ for the sporeliiig. Beneath the foot the 
young shoot forms ; the first leaves are scale-like, and from the basal portion of 
the shoot the first root develops. The suspensor k situated between the shoot 
and the foot ; it serves as the first absorbent and nourishing organ of the embryo. 
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The spores of Lycopodkm clamtum and other species are sometimes 
used in pharmacy. 

Order 2. Psilotaceae 

The only representatives of this order are Psilotum (two tropical species) and 
Tmesi2)teris (one Australian species). They show in some features relationship 
with the Splionophyllinae, but are most naturally placed with the Lycopodinae. 
The complete absence of roots is noteworthy. The simple leaves are alternately 
arranged on the dichotomous stems ; the fertile leaves near the tips of the branches 
are always deeply divided and resemble a pair of leaves. 

Order 3. Selaginellaceae (^^®) 

To this order belongs the genus Selaginella, repx*esented by numerous and 
for the most part tropical species. They have, as a rule, profusely-forked, 
creeping, and sympodially- branched stems, but occasionally erect branched 
stems ; some form moss-like beds of vegetation ; others, climbing on adjacent 
plants, possess stems several metres long. Certain xerophilous species (S. 

lejgido'phylla in tropical America, etc.) can endure drying up for months or 
even years, closing together their rosette - shaped shoots by a cohesion- 
mechanism, expand again on the arrival of rain (^-^). In general the 

SelagineJlas are similar in habit to the Lycopodiums. They have small 
scale-like leaves which usually exhibit a dorsiventral arrangement, such as is 
shown, for example, in the alpine Sdaginella kelvetica (Fig. 494), the stem of 
which bears two rows of small dorsal or upper leaves, and opposite to them 
two rows of larger, ventral, or under leaves. (Cf. also Fig. 134.) The 
rhizophorcs (^‘^) are organs that are peculiar to .the plants of this order; they 
are cylindrical, leafless, shoot-like structures, which arise exogenously, usually 
in pairs, from the stem at a bifurcation. At their ends a number of endogenous 
roots are produced, but the rhizophores are able, when the normal shoots are 
cut back, to continue their growth as shoots of ordinary construction. Even 
below the first leaves of the seedling plant short rhizophores are formed, 

from which the first roots arise endogenously. The leaves of Selaginella are 

characterised by the presence at their base on the upper side of a small 
membranous ligiile. This serves as an organ for the rapid absorption of 
water (rain-drops) by the leafy shoot In many species of Selagimlla the 

epidermal assimilatory cells of the leaves possess, as in AntJioceroSj only one large 
chloroxAast (^•^®). 

The cones or flowers are terminal, simple or branched, radially symmetrical, 
or less commonly dorsiventral. Each sporophyll subtends only one sporangium, 
which springs from the stem above the leaf-axil. The same spike bears both 
macrosporangia and micros poraiigia. Each macro sporangium (Fig. 496 A-C) 
contains only four macrospores, which are produced by the growth and division 
of a single spore-mother-cell ; all the other, mother-cells originally developed 
ultimately disappear. On account of the increasing size of the spores the 
spherical macrosporangia become nodular. Opening, which is due to a cohesion- 
mechanism, occurs along definite lines of dehiscence, the wall splitting into two 
valves, which curve back from a boat-shaped basal portion. The spores are 
ejected by the pressure of the contracting boat-shaped part and the valves, 
numerous spores are formed in the flattened microspprangia; The mode of 
dehiscence is similar in these also, but the boat-shaped portion of the wall is 
smaller, the valves extending to the base. . . . ' 



BOTANY 


PAET' II 


The raiorospores begin their deyelopment while still enclosed within the 


Fia. 405. — Selaginella helvetica. A, Macrospor- 
arigium from above sliowing the line of dehis- 
cence (cl). B, Opened, seen from the side ; the 
four macrospores, have been ejected. I>, 
Microsporanginm in tlie axil of its sporophyll. 
E, The same, opened. F, Microspores, (x 
abontlS.) 


Fig. 494.— ^1, Sdagivclla hehrtica (from 
nature, nat. size). B, Selaginella Kraus- 
siana^ embrj'-onic plant with macro- 
spore still attached. (After Bischoff, 
magnitied.) 


Fig. 400.— a -F, Selaginella stolonifera^ successive stages in the germination of a inicrospore ; 
jv, profchallial cell ; w, wall-cells of antheridinm ; s, sperm atogenous cells ; A, 5, D, lateral, 
0, dorsal view. In B the prothallial cell is not visible, the disorganised wall-cells enclose 
the spormatozoid mother cells; JF, .sperinatozoids of Selaginella c^ispidata. (A-E x MO, 
F X 7S0. , After Belajeff.) 

sporairgiiira. The spore first divides into a small lenticular vegetative cell, which 
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cor]‘es])onds to tlie rliizoid cell of and into a large cell, 'vvhicli divides 

successively into eight sterile prothallial or wall cells and two or four central 
sperniatogenous cells (Fig. 496 A), By the further division of the central 
cells, which represent a single antheridium, numerous sperniatozoid mother cells 
arc formed (B-D). The peripheral cells then break down and give rise to a 
mucilaginous substance, in which is embedded the central mass of spermatozoid 
mother cells (B). The small prothallial cell (^), however, persists. The whole 
male prothallium is up to this stage still enclosed by the wall of the microspore. 
This ultimately ruptures, and the mother cells are set free and liberate the cluh- 
siiaped spermatozoids. Each of these has two long cilia at its pointed end. 


The macrospores in some species similarly begin their development within 
the sporangia. After the division of the nucleus into daughter-nuclei and their 
distribution in the apical cytoplasm, the formation of cell walls begins. In this 
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Fig, 4Q7. —Selagindht Mart&nsil. A, Rui)turccl macrospore seen from above showing the prothallus 
with three groups of rliizoids and several archegonia (x 112). JB, Longitudinal section of 
the prothallus showing two archegonia in which embryos are developing (x 112). (After 
Bruchmann.) 

way, progressing from apex to base, the spore becomes filled by a process of 
multicellular formation, with large prothallial cells. At the same time, and 
proceeding in the same direction, there begins a further division of these cells 
into smaller cells. In some species the apical disc of tissue is formed first, and is 
separated by a thickened wall or diaphragm from the rest of the cavity of the 
spore ; cell-formation occurs in this later. In the tissue at the apex, consisting of 
small cells, the rudiments of a few archegonia appear, often even before the 
formation of the prothallium has been completed. The archegonia are usually 
not formed until the spores have been discharged from the sporangium, but in 
some cases even fertilisation takes place on the parent plant. 

The wall of the spore eventually bursts at the apex, and the prothallium 
becomes partially protruded ; it forms a number of rhizoids on three projections 
of its tissue. The fertilisation of one or two archegonia, which then takes place, 
is followed directly by the segmentation of the fertilised egg-cells and the forma- 
tion of the embryos (Fig. 497). ^ 
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Tlie development of tlie embryo, in which a siispensor consisting of one or 
several cells, the apex of the stein with the first leaves, the first rhizophore and 
the foot are distingiiisha.ble, proceeds in a great variety of ways in the genus. 

The first division in the fertih 
ised egg-cell is transverse. In 
S. Mattmsii, spinulosa, hel- 
vetica^ etc. , the upper hypobasal 
cell gives rise to the suspensor 
only, the main portion of the 
em bry 0 bei ng derived from the 
lower cells (Fig. 49A) ; in A'* 
dentimlata the upper cell forms 
the foot and rhizophore as well 
as the suspensor. The apex 
of the shoot with the first pair 
of leaves grows upwards and 
the root downwards ; the young 
plant remains attached to the 
prothallus in the inegaspore by 
the foot (Fig. 494 £). In 
Fig. m.—Sdaginella Mavimsii. Embryo before becoming species {S, rubricauUSi 

free from the prothallus to longitudinal section ; the archegonia re- 

nm vniiznnlYnrA • i>r ftn.Qnpr»flnr * A'* pnrviAnnYift wir.n t.nAir * ' ^ 

main closed and the egg de- 
velops apogamously into the 
embryo. In S. Kranssiana and. related forms the suspensor, according to Bruch- 
mann, is reduced, but replaced functionally by a special embryonic tube proceeding 
from the wall of the mother cell of the ovum ; the embryo is delimited in this 
and comes into relation with the nutritive tissue. 



wt, rhizophore ; ef, suspensor ; Ic, cotyledons with their 
' ligulcs. (x 150. After Bruohmann.) 


Order 4. Isoetaceae (^^^) 


The isolated genus Isoetes must he regarded as a persistent branch of an 
ancient group of jdants, which in earlier geological periods was more richly 
represented. The species of Isoetes are perennial plants, growing either on 
damp soil or submerged in water. The stem is short and tuberous, rarely 
dicliotomously branched, terminating below in a tuft of dichotomously-branch- 
ing roots, and above in a thick rosette of long, stiff, awl-shaped leaves 
(Fig. 499). The stem is characterised by a secondary growth in thickness by 
means of a cambium ; this produces to the outer side cortex (without phloem) 
and to the inner side secondary phloem and xylem. The leaves are traversed 
longitudinally by four air-passages, and expand at the base into a broad sheath. 
On the inner side of the leaves, above their point of insertion, is an elongated 
pit, the fovea, containing a large sessile sporangium. A ligule, in the form of 
a triangular membrane, is inserted above the fovea. Isoetes thus differs greatly 
in habit from the other genera, but resembles Belagimlla in the development of a 
ligule. On this account Isoetes and Selaginella are termed Lignlatae ; the extinct 
Sigillariaceae and Lepidodendraceae also belong to this group. 

The macrosporangia are situated on the outer leaves of the rosette ; the micro- 
sporangia on the inner. Both are traversed by transverse plates of tissue or 
trabeculae, and are in this way imperfectly divided into a series of chambers. In 
contrast to Selaginella numerous macrospores are formed in each macrosporangium. 
The spores are set free by the decay of the sporangia! w^alls. 
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II Il'HiMim Isoetes setacea (x 640). A, Microsporo 

I WvnlW^'^'% Segmentation of the «pore ; 

prothallial cell; w, the four cells of the wall; 
spermatogenous cells. E, The four spermatozoid 
F f l/llll w\ \ \W mother cells are surrounded by the disorganised cells 

' v\ jjlH \ ^ ' of the wall ; surface view. F, The same in side view. 

G, Isoetes Malinverniam, spermatozoid (x 780). 
Fig. i9\K— Isoetes Jacustrls. nat. size.) (After Bel ajeff.) 

the spore, by the formation of a small, lenticular, vegetative cell (p), and a larger 
cell, the rudiment of a single antheridium. The larger cell divides further into 


Fig. 501. — Isoetes echi'nos 2 wra. A, Female pro* 
thallium ; ar, archegoniiira ; o, egg-cell. B, C, 
Development of thearchegoniiirn from a super- 
ficial cell; neck- colls ; neck-canal-cell ; 
t, ventral canal-cell; o, egg-cell, (x 250, 
After Campbell.) 


Fig. 602.— Jsoeifes' eelmwspora. Embryo before 
breaking out from the prothallus in longi- 
tudinal section; cot, cotyledon; I, ligule; v, 
sheath at the base of the cotyledon in the axil 
of winch the apex of the stem arises; w, 
root;/, foot, (x 200. After Campbell. )i 


four sterile peripheral cells, which completely enclose two central spermatogenous 
cells. From each of the latter arise, -in turn, two spermatozoid mother cells, four 
in all, each of which, when liberated by the, rupture of the spore wall, gives rise 
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to a single, spirally-coiled, miilticiliate spennatozoid. Tlie female protlialliimi 
(Fig. 501), just ‘AS ill Selaginella, also remains enclosed within the macrospore, and 
is incapable of independent growth. It shows similarly an a])proach to tlie 
Conifers, in that the nucleus first divides into numerous, parietal daughter-nuclei 
before the graduahformation of the cell avails, which takes place from the apex of 
the spore to the base. As a result of this process the whole spore becomes filled 
with a prothallium, at the apex of which the archegonia are developed. The 
embryo (Fig. 502) has no suspensor and thus differs from other Lycopodinae. 

Orders. Sigillariaceae (’^2) 

The Sigillarias, found from the Culm onwards, are most numerous in the 
Garboniferoiis period, and persist to the Bunter Sandstone. They were stately 



Fio. 503.— -J, Uxtidode'ndron. Rocoiistruction (after Potonii5). L, Acuhoinui, east of stem 
surface (after Sternberg). 5P, 4, LBpidod07hdron, leaf-cusliious (after Potojsii';). d, Piece 
of cortex (after Seward). (From Lotsy, Botan, SiammesgescMchte.) 

trees, 'with but little-branched, pillar-like stems, which grew in thickness. They 
had long narrow leaves with a ligule, which when they fell off left longitudinal 
rows of hexagonal leaf-scars on the surface of the stem. Long-stalked, cone- 
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like ilowers were borne on the stem ; the sporangia •were borne singly on tlie 
sporophylls. Hefcerosporoiis. 



Fig. bOi,-~-Leindostrdbm Veltheiniiamiii, 1, Transverse section of cone with microsporangia ; tetrads 
to right below. Cone in longitudinal section showing microsporangia above and macro- 
' sporangia below. Transverse section of cone with macrosporangia. 4, Macrospore in 
longitudinal section. 4, Macrosporo, probably opening in course of germination. (1-5 after 
Scott, Kidston, Bikney.) Prom Lotsy. 


Order 6. Lepidodendraceae 

The Lepidodendrons extend from the Devonian to the Rothliegende, but 
are best developed in the Carboniferous period. They were tree-like plants 
attaining a height of some .30 metres with dichotomously-branched stems which 
grew in thickness. The leaves, which attained a length of 15 cm,, were spirally 
arranged and seated on rhombic leaf-cushions (Fig. 503). The cone-like flowers 
(Lepidostrohcs) were borne on the ends of branches or sprang from the stem 
itself ; each sporophyll bore a single sporangium, which contained either macro- 
spores or microspores' (Fig. 504). The number of spores in the macrosporangium 
was larger than in Selaginella, A prothallus was formed in the spore and 
resembled that of the existing genus. 

The discovery of seed-like structures borne by some of the palaeozoic 
Lycopodinae {Lepidocarpon^ Miadesmia) is of special interest. In them the 
macrosporangium was surrounded by an integument leaving only a narrow slit- 
like opening ; the sporophyll also took part in enclosing the sporangium. Only 
one macrospore attained Mi development. As in Isoetes the prothalliiim re- 
mained within the spore. The maerospores were produced on sporophylls 
resembling those of Lepidosirobus. Probably p.ollination occurred while the 
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sporangia was still attaolied to tlie parent plant from which later tlie macro- 
sporophyll, together with its sporangium, separated as a whole. 


t 



Fig. 505. — Lygiriodcndron. .Frond. . (Sphenopteris HoeningliousiL) (Reduced After Potonii-j.) 


Class V 
Pteridospermeae 

So far - as our knowledge goes the Equisetinae, Sphenopliyllmae, 
and Lycopodinae are branches of the Pteridophyte stock which hare 
undergone no further development in the direction of the more highly 
organised plants. From the Filicinae, on the other hand, the first 
seed-plants had arisen even in palaeozoic times. These are the 
Pteridospermeae, which stand on a higher level than all other 
Pteridophytes and connect., the Ferns with primitive Gymnosperms 
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(Oordaiteae, Cycadeae) ; they have thus great imporfcauce in the 


Fig. 507 . — Lyginodendron oldhamiu'in. A, Microsporangia (Crossotheca). 3, Macrosporangium 
(Lagemstomd). Reconstruction. The open cupule bears stalked glands. (After Scott.) 

phylogeny of the higher plants. They became extinct in the Permian 
period. 

In their vegetative organs the Pteridosperms resembled especially the 
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Marattiaceoiis ferns. Their fronds {i^plienopteris, Fig. 505 ; Natrupterls) were 
highly compound, the main racliis dividing dichotoniously al)0^'c the base. The 
stem had axillary branching {LyginocUnclron) and underwent secondary tldckening 
by means of a cambium ; this cut olf radially-seriated xylem elements to the 
inside and phloem to the outside (Fig. 506). The leaf-trace bundles met with 
in the cortex traverse the sjone of wood to unite with the strands of primary 
xylein at the periphery of the pith. The roots also underwent secondary 
thickening. 

The Pteridosperms were heterosporous ; the sporangia were borne on fronds 
that resembled those of ordinary ferns. The microsporangia {Crossotheca, Fig. 
507 A) sliow^ecl resemblances to M,arattiaceae ; the macrosporangia {Lagenostoma^ 
Fig. 507 H), on the other hand, were surrounded by a cupule and resembled in 
construction tbe ovules of the Cycadeae ; the macrosporophylls were not, however, 
arranged in cones. 
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The Transition from the Pteridophyta to the Sperniatophyta (^). — 
The Pteridophyta are characterised by the type of alternation of 
generations they exhibit. The spore gives rise to the independently 
living, haploid gametophyte. This is the short-lived prothallus, from 
the fertilised egg -cell of which the physiologically independent 
diploid sporophyte arises and forms the Pern, Horse-tail, or Olub- 
moss. The appearance of heterospory leads to a further reduction of 
the prothallus, which ceases to produce both kinds of sexual organs. 
In the germination of the microspores only a single, vegetative pro- 
thallium-cell is to be recognised, the remainder of the small prothallium 
representing one or more antheridia. The female prothallium, which 
in Sahinia still becomes green and emerges from the macrospore, in 
Selaginella and Isoetes has lost the power of independent nutrition. 
The prothallium begins its development while still within the macro- 
sporangium of the ^parent plant, and the macrospore, after being set 
free, only opens in order to allow of the access of the spermatozoids 
to the archegonia. Prom the fertilised egg the embryo develops 
without a resting period into the young sporophyte. 

The simplest Spermatophyta are only distinguished by inessential 
differences from these most highly differentiated Archegoniatae. 

The MACROSPORE, which in the Spermatophyta is termed the 
EMBRYO-SAC, remains enclosed in the macrosporangium or ovule 
(Pig. 508). The latter consists of the nucellxjs {n), from the base of 
which (the OHALAZA (eh)) one or two integuments (ii, ia) arise ; these 
grow up as tubular investments of the nucellus and only leave a small 
passage, the micropyle (m), leading to the tip of the latter. The 
ovule is attached to the maoro-sporophyll or carpel by a stalk or 
FUNICULUS (/), which is often very short. The region to which one 
or more ovules are attached is called the PLACENTA. If the nucellus 
forms the direct continuation of the funiculus the ovule is termed 
straight or atropous. More frequently the funiculus is sharply 
curved just below the chalaza, so that the ovule is bent back alongside 
its stalk (anatropous ovule). The line of junction of the funiculus 
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iient is still recognisable in the ripe seed, and 
Lastly the ovule itself may be curved, in which 

CAMPYLOTROPOXTS. The three types are dia- 

ited in Fig. 508 A-G. 

embryo-sac is contained in an ovule. In the 
macrospores originate by the tetrad division in 
if Selagindla, in the macrosporangium (ovule) of 
ere is usually a single embryo-sac mother cell 
• daughter cells ; three of these do not develop 
rth becomes the embryo-sac. The embryo-sac 
matophyta also resembles the macrospore in 
irothallial tissue, here termed the endosperm ; 
lia with large egg-cells are developed at the 
fertilised ovum develops into the embryo while 


Fig 508.— a Atropous ; B, anatropous ; C, eampylotropous ovules. Diagrainmatie and magmflecl. 

’ Modified from Schimper. Description in tlie text. 

and at the expense of the parent 
; ^ in its develop- 

’ ; " ‘ I different'plants, its growth 

the separation from the iDarent plant it ^undei'- 
It is still surrounded by the other portions of 

^ viz. the prothallium or endosperm, the nucellus 

(if this stilf persists), and the seed coat formed from the integuments. 
The complete structure derived from the ovule is termed a 

SEED AND THE FURTHER DEVBL|jPMENT OF THE UNOPENED MACRO- 
SPORANGIUM to form a seed, THE FIRST ORIGIN OF WHICH WAS SEEN 
IN THE PtERIDOSPERMEAE (p. 534), IS CHARACTERISTIC OF ALL 

SEED-PLANTS OR SpERMATOPHYTA, 

The MICROSPORES of the Spermatophyta are called pollen grains. 
They are formed in large numbers within the microsporangia or 
POLLEN SACS, which are borne singly or in numbers on the mic.m- 
SPOROPHYLLS or STAMENS. The part of the stamen which bears the 
pollen sacs is usually clearly distinguishable and is called the ANTHER. 


still enclosed within the macrospore 
plant. When the embryo has reached a certam stage 
ment, which is different and characteristic in ( 
is arrested, and after 
goes a period of rest 
the macrosporangiun 
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The development of the pollen sac (Fig. 509) commences with 
divisions parallel to the surface faking place in cells of the hypodernial 
layer; this separates the ceils of the primary archesporium from an 
outer layer of cells. The latter divides to form three layers of cells. 
The outermost layer of the wall in Gymnosperms and the hypodermal 
layer in the Angiosperms gives rise to the fibrous layer and the inner- 
most layer to the tapetum. The archesporium after undergoing a 
number of divisions forms the pollen-niother-cells, each of which divides 
as in Bryophytes and Pteridophytes into four daughter cells. These 



Fig. 509. — IlemrocalUs falva. A, Transverse section o€ an almost ripe antlier, showing the loculi 
ruptured in cutting ; p, partition wall between the loculi ; a, groove in connective ; /, vascular 
bundle (x 14). B, Transverse section of young anther ( x 28). G, Part of transverse section of a 
pollen sac ; pm, pollen-mother-cells ; t, tapetal layer, later undergoing dissolution ; c, inter- 
mediate parietal layer, becoming ultimately compressed and disorganised ; /, parietal layer of 
eventually fibrous cells; e, epidermis (x 240). JD and E, Pollen-moth er-cells of Alchemilla 
speciosa in process of division (x 1125). F, Mature tetrad of Bryonia tMoica ( x 800). (After 
Strasbuegee). 

are the pollen grains, and are spherical or ellipsoidal in shape and 
provided with a cell wall ; an external cutinised layer (the exine), 
and an inner cellulose layer, rich in pectic substances (the intine), 
can be distinguished in the wall. 

While the male sexual cells of all archegoniate plants are depend- 
ent on water for their conveyance to the female organs, the transport 
of the pollen grains to the egg-cells is brought about in Spermatopbytes 
by means of the wind or by animals. However far the reduction of 
the male pro thallium has proceeded — and even in the case of the 
heterosporous Pteridophyta only a single sterile cell was present — two 
constituent parts are always distinguishable in the germinating pollen 
grain ; these are a vegetative cell which grows out as the pollen- 




542 


BOTAKY 


I^ART II 


TUBE, and an antheridial mother cell which ultimately gives rise 
to two C4EXERATIVE CELLS. The pollen-tiibe, the wail of which is 
continuous with the intine of the pollen grain, ruptures the exine 
and penetrates, owing to its chemotropic irritability, into the tissue 
of the macrosporangium (cf. p. 352). The antheridial mother cell 
passes into the pollen-tube and sooner or later gives rise to two 
generative cells wdiich reach the embryo sac and egg-cell by passing 
along the pollen-tube. The name Siphonogams has been applied to 
the seed-plants on account of the common character of the group 
afforded by the formation of a pollen-tube. 

The results reached by the above survey may be summarised by 
saying that the Phanerogams continue the series of the Archegoniatae 
and agree with the latter in exhibiting an alternation of generations 
(cf. the Scheme on p. 543). While the asexual generation becomes 
more complex in form and more highly organised, there is a 
corresponding reduction of the sexual generation. The female sexual 
generation is enclosed, throughout its whole development, in the 
asexual plant, and only becomes separated from the latter in the seed, 
which further contains as the embryo the commencement of the 
succeeding asexual generation. 

The investigations made of recent years into the phenomena of the 
reduction division (cf. p. 204) in the spore-mother-cells of Archegoniates 
and Spermatophyta have resulted in a confirmation of the limits of the 
two generations in the latter (^). The number of chromosomes char- 
acteristic of any plant is diminished to , one-half, during the divisions 
that lead to the origin of the sexual generation, and the full number 
of chromosomes is not again attained until fertilisation takes place. 
The asexual generation has always the double number, the sexual 
generation the single number of chromosomes. The gametophyte is 
haploid, the sporophyte diploid. 

The Spermatophyta are divided into two classes which differ in 
their whole construction: (1) the Gymnosperms, with naked seeds; 
(2) the Angiosperms, with seeds enclosed in an ovary. 

. The names of these classes indicate the nature of one of the most 
important differences between them. The carpels of the Angio- 
sperms FORM A CLOSED CAVITY, THE OVARY, WITHIN WHICH THE 
OVULES DEVELOP. SUCH AN OVARY IS WANTING IN THE CtYMNO- 
SPERM;S, the OVULEIS of which are borne FREELY EXPOSED OfT 
THE MACROSPOROPHYLLS OR CARPELS. 

The Gymnosperms are the phyldgenetically older group. Their 
construction is simpler and in the relations of their sexual generation 
they connect directly with the heterosporous Archegoniatae ; they 
might indeed be treated as belonging to this group. 

The Angiosperms exhibit a much wider range in their morpho- 
logical and anatomical structura The course of their life-history 
differs considerably from that of the Gymnosperms, and without the 


Scheme of Alternation of Generations 


Haploid Sexual Generation 
=:Gametopiiyte. 


Diploid Asexual Generation 
=Sporopliyte. 
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intermediate links supplied by the latter group the correspondence 
with the life-history of the Archegoniatae would not be so clearly 
recognisable. 

These conclusions are confirmed by the evidence afforded by 
Palaeobotany. Gymnosperms or forms resemWing them are found 
along wdth what appear to be intermediate forms between the Gymno- 
sperms and the Pteridophyta in, the fossiliferous rocks of the Devonian, 
Carboniferous, and Permian formations. The Angiosperms are, on 
the other hand, first known from the Cretaceous formation. 


Morphology and Ecology of the Flower f ) 


1. Morphology. — The flowers of the Gymnosperms are all 
unisexual and diclinous. The macrosporophylls form the female, the 



Fiq. 510,— Pimoi inontana. A, Longitudinal section of a ripe nmie llowor (x 10). If, Ijongitudinal 
section of a single stamen (x 20). C, Transverse section of a stamen ( x 27). A ripe pollen 
grain of IHnm sylvestrls ( x 400). (After STEAsnuiiOKR. ) 

microsporophylls the male flowers. The two sexes are found either 
on the same individual (jvxonoegious), or each plant bears either male 
s^r female flowers (DIOECIOUS). Leaves forming an envelope around 
tlk group of sporophylls are only found in a few flowers of the 
^J^ospermae (Gnetaceae), 

^d^u^iALE FLOWEKS are shoots of limited length, the axis of which 
bears- theXclosely crowded and usually spirally arranged sporophylls. 
The s-cales Vhich invested the flower in the bud often persist at the 



mv. n 


SPERMATOPHYTA 


546 


base of the axis (Fig. 510). The microsporangia are borne on the 
lower surface of the sporophylis, two or more being present on each. 
Their opening is determined as in the sporangia of the Pteridophyta 
b}’' the peculiar construction of the outer layer of cells of the wall 
(exothecium). The pollen grains are spherical, and are frequently 
provided with two sacs filled with air, whicli increase their buoyancy 
and assist in their distribution by the wind (Fig. 510). On germina- 
tion the outer firm layer of the wall of the pollen grain (exine) is 
completely lost, being fractured by the increase in size of the proto- 
plasmic body. 

In many Gymnosperms the female flowers or cones resemble 
the male flowers in being composed of an axis bearing numerous 

spirally-arranged sporopbylls. 
In other cases they differ 
from this type in varioiis 
ways, which‘will be described 
below (pp. 589 fb). 



Fi(j. 511. — Flower of Paeonia fcreijrinn^ in longitudinal 
section. Ic, Calyx, and c, corolla, together forming 
the perianth ; a, amdroecium ; g, gynaeceuin. The 
anterior portion of the perianth lias been removed. 
(I nat. size. After Schenck.) 





Fig. 512. —Flower of Adorns Calamus, 
pg^ Perigone ; androeciuni ; g, 
gynaeceuin. (Enlarged. After 
En<iler.) 


In Angiosperms, on the other hand, a union of micro- and macro- 
sporophylls in the one flower, which is thus hermaphrodite, and the 
, investment of the flower by coloured leaves (differing in appearance 
from the foliage leaves), forming a perianth, is the rule (Figs. 511, 
512). The Querciflorae afford, an example of an exception to these 
statements. In contrast to the unisexual or diclinous flower with 
the sporophylls arranged spirally on an elongated axis, which is 
characteristic of the Gymnosperms, the perianth leaves and sporo- ■ 
phylls in the Angiosperms are usually borne in whorls on a greatly 
shortened axis. The arrangement of the floral leaves ' in-'" 
WHOllLS, THE coloured PERIANTH, AND THE HERMAPHRODITE 
OF THE FLOWERS ARE THUS CHARAOTERISTIO OF ANGIOSPERMS, 
these features do not apply without exceptions to all angio/'^^ 
flowers. These differences depend on the important faetpi^' of ^ the 
MEANS OF POLLINATION. When, as is the case with the Gymnosperms 

2 N ■■ : 
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by the wind, the * J, receptive e.-iui Ri'c advantageous, 

.lent of leaves "tL, , eiieet'ed by insects or birds, 

When, on the other ” ,,f a perianth and other 

the^ conspicuousness sweet-tasting svihstiince.s, are nece.ssary. 

The^form of the flower, the aiTiingonient of the .sporophylls in it, and 

.he ptT.1wnchn,c« » ,.»U« a.!,,..., , c ^ 

fonii or the habits of the visiting aniinals. It is to tin., tnat 
™“ety o“»nn M.d colour .ubilitc,! in the ll.urei-u ot Auu»«|,o,„«e 

must be ascribed. . . 

Tu. „„e.e«.a j “ii,™: 

rnTuiiisrAUiarilowers are distributed on distinct individuals we have 
andr^ or tyuo-dioecisin ; when on the same iudividuad audro- or gy„«-mou,.ecism. 
The perianth usually consists of two whorls of nieinliore: these 
cirkiilnr in form and colour (<'-'.//• Lihuni), the name 

is given to them, or may bo diflerentiated into an outer 
sreen CALYX and an inner whorl of coloured leaves, the (.<)i,OLf,A 
%sa) In every complete flower two whorls ot stamens or micio- 
toroDhvlls come next within the perianth, and within tliese again a 
Efof »p.to or „.cros,wopl.).ll.. Tl.o u horl., u lleroato rcgulrfy 
with one another.' The stamens eollcctivoly form the anplolcilm, 

the carpels the CrYNxiEOElTlM. tATvxT nrirl of 

Each stamen consists of a cylindrical stalh oi ITLAMLM and ot 

the anther; the latter is formed of two tiiecae or pmrs of 
SHCS ioined by the continuation of the filament, the coNNECi l\E (Iig. 
51% According to whether the thoeac are turneil inwards, w. 
towards the whorl of carpels, or outwards, tlio anther is dcbCiibed as 
tmtrorsf or FXTRORSE. The opening of the ripe theca depends as a 
in the Eri«roe,o)'o» th. prc.liur c„»«cu„u d he 
hvpoLrmal layer of the wail of the pollen sam Ihte is e.dlul flic 
fibrous layer or endothecium. On the other hand, in the (.Tiymiio- 
LZs tool, .ding 0M,«. ct, p. .191), ne in tl.e Furne, .I.c , , 
iLnected bT menm ot th. ente.ml Inyer of eclle (oxotl.ee.™) b -rl-). 
A, » r..l6 til. reptnm between the t.-o pollen snr. 1, , U .lonn, .0 
that they ate both opened hy the one *1'''* . , , “','1 hi' ; 
The microspores in anemophilouB plants are smo<,)th, • ^ ^ ’ 

^ „d Xpfed for distribution by the wind. In .o.ton.ol.lnl™.. Ho.re.J 
on the other hand, the exine is fre.|nonlly st.rkj or I’™ " "'' 
ipiny projections, and the pollen grains are thus cmdilcd t > . tUeh 
mny piuj > rif tin. inftP.f't viBilors. ihey also 




J «^:^sererb%t;; ^rth^bodies of the mscet visitors. _ They idso 
^vsfrom the pollen grains of the Oymnospenns m haiiug moie oi 
„.'yheT^^,,e,.o„s spots in the wall preparetl be.forOmnd for 

' A* \dlen-tube (Fig. 514). Sterile stamens which do not pioduce 
of the p^,;ji are termed STAHiNODKS. 
fertile polleX^ ' 
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The flower is terminated above by the aYNAKGEUJSL The cAiiiM-n.s 
composing this may remain free and each give rise to a separate fruit 




Fig. ulG .— a and J), Antun'or 
aiifl pofilei'iur view of a sta- 
int‘H of ll]{<)scyat/itfs n'}{]er ; 
J] the liliunent ; p, anilmr ; 

connective (magniliecl). 
(After SorrrsiPKR.) 


V 

J'’ iCi. 51 4. --Pol lei 1 grai xioHInl /v < syl vest rls. 
S, Spinous }ivf)jections of tlie exine ; s, 
vertically striated layer of the exine; 
]i, tli(‘ same seen from a hove ; a, places 
of exit of pollen-tubos. (After A. 
Meyer.) 


(apocau'pous gynaeceum) (Figs. 5ir)((., 517 A), or they unite together 
to form the ovary (SYNGARPOTIS gynaecexjm) (Fig. 5155). The 
carpels, as a rule, bear the 
ovules on their margins, on 
more or less evident out- 
growths which are termed 
PLACENTAS (Fig. 515r/, ])), 

In apocarpous gynaecea the 
ovules are thus borne on the 



Fig. — JktpMnium vou- 

suUda. Cross-section of the 
ovary, showing the ovules 
on the placenta (p). (After 
Engi.ee and Peantl.) 



•Fio. blUK^—Samhitaas nvjm. Longitudinal sec- 
tion of flower, a, Ovule ; n, stigma. (After 
TscniRcn-CsTERLE, ) 


united margins of the carpels, each margin bearing a row of oyules. 
This is termed the ventkal buture, while the midrib of the carpel 
forms the DORSAL SUTURE. In syncarpous ovaries the ovules are 
similarly borne on the margins of the coherent carpels (Fig. pi). 
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Tlie placentation is termed paeietal wlien the placentas form projections 
from the inner surface of the wall of the ovary (Fig. 516 D). If tlie margins of 
the carpels project farther into the ovary, and divide its cavity into cliambers or 
loculi, the placentas are correspondingly altered in position, and the placentation 
becomes axile (Fig. 616 B). In contrast to such xraiE septa, formed of the 
marginal portions of the carpels, those that arise as outgrowths of the surface or 


A BOB 



Fkj. 'lie. — Transverse sections of ovaries. A, Lobelia ft, Dmjifinsin ; C, llhiKlodcndTim 


D, Pm.AJlom . ; pi, xjlacenta ; na, ovules. (After Ln Maout and Dkcaisnb.) 


sutures of the carpels, as in the Oruciferae, are called FxVlsb septa (Fig. 656). By 
the upgrowth of the lloral axis in the centre of the ovary what is known as ep.ee 
CENT iiAL PLACENTATION comes about {e.^. Primulaccae). TLe projecting axis 
cannot be sharply distinguished from the tissue of the carpels. The septa, which 
were originally present, are arrested at an early stage of development or com- 
pletely disa2:)pear, so that the ovules are borne on the central axis covered with 
carpellary tissue and enclosed in a wall formed by the outer portions of the carpels. 



Fig. 517. — Diflereiit forms of gynaecea. A, Of AconUiim Napdhis; B, of Liwiim usUatissimnm \ 
G, of Nicotiana rvstica; I), style and stigma of Achillea ifdllefolium \ f, ovary; g, style; 
n, stigma. (ATter Berg and Schmidt, magnified.) 

' Each carpel in an apocarpous gynaeceum is usually prolonged above 
into a stalk-like, style terminatipg in a variously-shaped stigma. The 
stigma serves as the receptive apparatus for the pollen, and in relation 
to this is often papillate or moist and sticky (Fig. 517 I)). When 
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the gyiiaeceuni is completely syncarpous, it has only one' style and 
stigma. Tn Fig. 517 an apocarpous (A) and a syncarpous gynaeceuin 
(G) are re|>reseiiteclj together with one in which the carpels are coherent 
])eIow to form the ovary while the styles are free (i>). 

The POSITION OF THE OVULES WITHIN THE OVAEY may 1)6 erect, 


^ ^ Fig. 51U,— Ovaries containing' basal ovixles 

siiown in longitudinal section. A, Fago- 
Fig. 51S,— Ovary oi' Goidani mac?tto7m B, An’meria 

pendulous ovules, in longitudinal section. mirltvim (anatropoiiH). (x 20, After 

Uaplie ventral. (After Tschirch-Osteele.) . Pdchabtre.) 

pendulous, horizontal, or oblique to the longer axis (Figs. 518, 519). 
In anatropous ovules the raphe is said to be ventral when it is turned 
towards the ventral side of the carpel, and dorsal if towards the 
dorsal side of the carpel. 

The differences in the form of the floral axis, which involve changes 
in the position of the gynaeceum, lead to differences in the form of 
the flower itself. Some of the commonest cases are diagrammatically 
represented in Fig. 520 A-G. The summit of the floral axis is usually 


Fjg. 520.~I)iagraui of (A)diypogynous, (J?, i?') perigynoiis, aiid (C) epigynoiis flowers. 

(After ScHiMPER.) 

thicker than the stalk-like portion below; it is often widened out 
and projecting, or it may be depressed and form a cavity. If the 
whorls of members of the flower are situated above one another on a 
simple, conical axis, THE GYNAECEUM FOEMS THE UPPERMOST WHORL 
AND IS SPOKEN OF AS SUPERIOR, WHILE THE FLOWER IS TEEMED 
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HYPOOYNOIJS (Fig. 521, 1)., If, however, the end of the: axis is 
expanded into a flat or cup-shaped receptacle (hypanthium), an interval 
thus separating the androeciuni and gynaeceuui, the flower is termed 
PiSRiG'YNOUS (Figs. 520 i», 7F, 521, 2). When the concave floral axis, 
the margin of which bears the androecium, becomes adherent to the 
gynaeceum, the latter is said to be inferior, while the tiow'er is 
described as epigynous (Fig. 521, 3). 

The regions of the axis, or of other parts of the flower which 
excrete a sugary solution to atliract : the pollinating animal visitors, 
are called neotaries. Their ecological importance is considerable. 

In a typical angiospormic flower the organs are thus arranged in 
five alternating whorls, of which two comprise the perianth, two the 
androecium, while the gynaeceum consists of one whorl. The flower 
is PENTACYCLIC. The number of members is either the same in each 



carpels on a club - shaped receptacle; hypogynoiis tlower. (After Baillok, magnified.) 

Alofiemilla alpina, perigynous; 3, Pyms Malm, epigynous. (After Focke in Nat. Pflanzen- 
famiJien, magnified.) 

whorl (e.g, three in a typical Monocotyledon flower, or five in a typical 
Dicotyledon flower), or an increase or decrease in the number takes 
place. This is especially the case with the whorls composing the 
androecium and gynaeceum. Further, as is shown in the androecium, 
a whorl may be entirely omitted or the number of whorls may he 
increased. Flowers with only one whorl in the androecium are 
termed haplostemonous, and those with two whorls diplostemonous. 
When the outer whorl of the androecium (and in correspondence with 
this the carpels) does not alternate with the corolla but falls directly 
above this, the androecium is obdiplostemoiious. 

A diagram (cf. p. 88) of a pentacyclic Monocotyledon flower, so 
oriented that the cross-section of the axis of the inflorescence stands 
above and that of the subtending bract (cf. p. 121) below, is given in 
Fig. 522, and that of a Dicotyledon flower in Fig. 523. 

Both these fioral diagrams are spoken of as empirical diagrams. A theoretical 
diagram, on the other hand, is obtained when not only the organs actually 
present are represented but also others the former presence of which must be 
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assumed on ])}iy]ogenotic grounds. Thus in the Iridaceae, which are closcdy 
related to the Liliaceae, onlj^ one whorl of stamens (the outer) is present ; the inner 
whorl which might have been exx^ected has been lost (Pig. 524). When the 
position of the missing members is marked by orosses in the empirieal diagram the 
theoretical lloral diagram of the Iridaceae is obtained. 

A b'LOiiAL FoiiMiTLAgi^es a short expression for the members of a flower as shown 
in the floral diagraan. Denoting the ealj^x by K, the corolla by 0 (if the perianth 
forms a perigoue it is denoted by P), the aiidroeoium by A, and the gynaeceiim 
by G, the nuinher of members in each case is placed after the letter. When 
there is a large numbcT of members in a whorl the symbol oo is used, denoting 
that the number is large or indeflnite. Sucli a formula may be further made to 
denote the cohesion of the members of a whorl by enclosing the proper number 
within brackets : by placing a horizontal line below or above the number of 
the carpels the superior or inihrior position of the ovary is expressed. 





Fio. 522.— Diagram of^, 
a jxmtacycUc mono- ^ 
coty 1 edoii ous M ower ^ 
(Liliiim). (After 
SOHENCK.) 


Fkj. 523.— Diagram of 
a jjeutacyclio dico- 
tyledonous flower 
(Viscao'ia). (After 
Eiciileh.) 


Fio. 524,— Theoretical dia- 
gram of the flower of 
Iris. The missing 
w'liorl of stamens is 
indicated by crosses. 
(After SCHEXCK.) 


The floral diagrams in Figs. 522 and 523 would be expressed respectively 
by the floral formulae, P3 + 3, A3-f-3, G(3) for the Monocotyledon, and K5, C5, 
As + 5, G(5) for the Dicotyledon. Other examples are llanunculus, K5, C5, 
Aoo, G^; Hemlock, K5, C5, AS, G(^ ; Artemisia, Ko, 0(5), A(5), G(2). 

By displacement of the floral members, by inequalities in their 
size, or by the suppression of some of them, the original radial 
(actinomorphic) construction (Fig. 525 A) is modihed (cf. p. 72}; 
either dorsiventral (zygomorphic) flowers (Fig, 525 .B) or completely 
asjTinmetrical flowers (Fig, 525 C) may result. In the floral formula^ 
0 indicates an actinomorphic and 4' a zygomorphic flower, e.g. 
Laburnum, 4 K5, 05, A (5 + 5), Gl. Zygomorphic flowers always 
tend to assume a definite position in relation to the vertical, Eadial 
monstrosities of normally dorsiventral flowers are termed peloric. 

2. Ecology. Pollination of Flowers (^) (cf. p. 201). — Many 
differences in the structure of flowers and in the arrangement of 
their organs which would otherwise he doubtful are explained when 
brought into relation to the functions performed by the flowei\ 
All flowers have the function of producing progeny sexually ; the 
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methods leading to this common end are, however, very various. In m 

contrast to the Bryophyta and Pteridophyta in which the union of the 
sexual colls is etTected by the aid of ^water, the Spermatophyta, which do 
not separate a motile male gamete, and have the egg-cells permanently 1 

enclosed in the tissues of the parent plant, are forced to adopt other i 

methods. Arrangements to convey the microspores, enclosing the . : 

male sexual cell, to the macrospores, enclosed in the macrosporangia 
and containing the egg-cells, become necessary, j 

A large number of Spermatophyta make use of the wind to convey 
the microspores, i.e. the pollen, to its destination. Examples are all 
the Conifers, and also the majority of our native deciduous trees such 
as the Elm, Oak, Beech, Hornbeam, and further our Grasses and ^ 



.6 as the relations in this case appear to he, various 


Fig. 525. — A, Aiaiuomorpliic flower of Geranimn sarLguincum. jS, Zygomorpliic flower of Viola 
trimlor. C, Asymmetrical flower of Canna indica, 

necessary preliminaries are required for successfully effecting this 
method of pollination. 

It is especially necessary that such ANEMOPHILOXJS plants should 
produce a very large quantity of pollen, since naturally only a small 
fraction of what is shed will reach its destination. Thus at the 
season when our coniferous woods are in flower large quantities of 
pollen fall to the ground, constituting what is known as sulphur showers. 

Anemophilous plants exhibit some characters in common which 
stand in definite relation to wind-pollination. The male inflorescence 
has usually the form. of a longer or shorter catkin (Fig. 526) which 
hears a large number of microsporophylls ; these are so oriented that 
after the sporangia have opened the pollen can be readily carried away 
by the wind. Examples are the catkins of the Oak (Fig. 610), Birch 
(Fig. 604), Alder, Hazel, Hornbeam,, and Walnut; the catkins of the 
last-named plant (Fig. 602) are especially long. The male flowers of 
the Coniferae (Fig 510) are similar,. The mode of attachment of the 
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anthers of CTramineae on long slender filaments has the same sigiiiHcarice. 
The pollen grains of a.iiemophilous flowers also have characteristic 
features. They are light and smooth, and in some Conifers are even 
provided with two wing-like sacs (Fig. 510 D), which enable them 
to remai]} suspended longer in the air. Some ’Urtieaceae (Filea, 
Urtica) scatter the pollen on the opening of the elastically-stretched 
wall of the pollen sac as a light cloud of dust. , 

The female flowers are usually not brightly coloured and do not 
develop nectaries. The stigmas, which catch the pollen, are sti'ongiy 
developed and provided with long feathery hairs (Fig, 527), or their 
form is bnisli-like, pinnate or elongated, and .filamentous. In many 
Gymnosperms {e.g. Taxiis) the macrosporangium excretes a drop of 
fluid ill which the pollen grains are caught ; on drying up of the drop 
the pollen is drawn down on to the tip of the 
nuceiius. In other cases the pollen grains glide 
down between the carpellary scales of the cones 
till they reach the moist micropyles of the 
ovules and adhere to them. 

Lastly, the time of flowering is not without 
importance. The Elm flowers in February and 
March long before its leaves develop, and the 
same holds for the Hazel, Poplar, and Alder. 

In the Walnut, Oak, Beech, and Birch the 
flowers open when the first leaves are unfolding, 
and flowering is over before the foliage is fully 
expanded. Were this not so, much of the 
pollen would be intercepted by the foliage leaves, 
and even more pollen would need to be produced 
than has to be done to ensure fertilisation. In 
the Conifers the foliage presents less difficulty, 
but here the female cones are borne at the 
summit of the tree [AUen) or high up (Picea), while the nude flowers are 
developed on lower branches. The pollen grains are shed in warm 
dry weather, and carried up in the sunshine by ascending currents 
of air till they reach their destination on the female cones situated high 
above the male flowers. 

Only a small number of Phanerogams make use of the agency of 
water for effecting their pollination, and are, on that account, termed 
HYDROPHILOUS PLANTS. This applies only to submerged water plants 
which do not emerge from the medium, e.g, Aostera, Seawrack. 

The great majority of Phanerogams are dependent upon animals, 
especially on insects, for the transference of their pollen. Plants 
pollinated by the aid of insects are termed entomophiloxjs. 

Since Konrad Sprengkl in his famous work, Das entdeckfe 
Geheimnis (hr Natur im Bauutidm der Befruchtung der Blumen, 1793, 
revealed the mutual relations between the forms and colours of flowers 



Fig. 526. — Catkin of Corylus 
auericana. (After Duchartbe.) 
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and the insects th;it frequent them, no other department of biology 
has been more actively studied than floral ecology. It is the more 
remarkable that no one had put the question whether the colours seen 
by our eyes were also perceived by the insects in the same way. It 
was difficult to think of the display of colour in meadow or orchard 
otherwise than as an apparatus of attraction for the visiting insects 
seeking the food provided by the nectaries of the flowers. We owe 
the opening up of this question to 0. Hess (^). In the light of his 

exact demonstration that bees 
are colour-blind the earlier 
views require to be revised. 

Hess bases his arguinent on the 
comparison of the behaviour of bees 
vvitli colour - blind hum an beings, 
and shows that they, like all in- 
vertehrate animals that have been 
investigated, react quite similarly 
to the stimuli of colour. Their 
brightness -maximum lies in the 
green-yellow region ; red appears 
dark, and blue on the other hand 
light. The attraction of flowers 
for bees must accordingly depend 
on the contrast efiects of different 
degrees of brightness. 

In this demohstratlon there 
appears to be wanting the answer 
to the question, at what distances 
the eyes of the bee are able to per 
ceive strong contrasts in bright- 
ness. An orchard in flower, apart 
from any .colonr-seiivse on the |)art 
of bees, would be more readily seen 
by them at a distance on account 
of tiic bright flowers contrasting with the dark background of foliage. To this 
would be added the tendency of bees, at least of the same colony, to collect 
together, so that when one bee lias found a source of food, a crowd of others will 
follow. 

Tlie facts regarding the pollination of flowers by insects which 
Sprengel discovered still hold, although the particular question as to 
how the apparatus rendering the flowers conspicuous affects the 
eyes of insects, and how the conspicuousness has come about, is open 
to reconsideration. It must be borne in mind that without any 
relation to insect-pollination the Firs, Larch, and other Coniferae 
exhibit intensely -coloured female cones, as do the male flowers of 
the Pine when seen in mass. It would appear to be frequently of 
importance to plants for their reproductive organs to have some colour 
other than green. The greater absorption of heat-rays may be con- 
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nected wifcli the red stigiiuis of the eariy-fiowering Hazel, and perhaps 
also in the case of the cones of Coniferae. Deeper investigation may 
perhaps disclose further connections of this nature. 

The relation between flowers and insects depending on the sense of 
form and scent of the latter remains unquestioned, and has been morefuily 
investigated for bees by V. Fuiscu. What explanation of the strong 
scent, increasing towards evening, of Lonicem^ FhilacMphus^ etc., can be 
given except that it serves as an attraction to night-flying insects, such 
as Hawk-moths, which are led by the scent to find their food ? How 
could the existence of nectaries and the excretion by the plant of an 
important reserve food substance be accounted for, if the guests which 
greedily consume it were not indispensable to the flowers 1 How, 
lastly, could the construction of a dorsiventral flower, such as that of 
Sahia or of Orchis^ be understood if we did not relate it to the insects 
which visit the flower in search of nectar, and in doing so effect pollina- 
tion ? The mutual adaptations between the form of flowers and tlie 
bodies of insects are so nimmrous, and the experimental fact that plants 
removed from their native country, though growing healthily, remain 
sterile owing to the lack of the pollinating insects to which they are 
adapted, is so wejl established, that no doubt can he entertained on the 
mutual adaptations of flowers and insects. Usually the position of the 
nectaries is such that the hairy body of the visiting insect must carry 
away pollen from the flower ; often the pollen will be deposited on 
special regions of the insects body and, when another flower is visited, 
will be deposited on the stigma. It is of importance that the pollen of 
such entomophilous plants differs from that of the anemophilous 
flowers described above. Pollen grains provided with spiny pro- 
jections, or with a rough or sticky surface, are characteristic of 
entomophilous plants ; the grains may remain united in tetrads or in 
larger masses representing the contents of a whole pollen-sac {Orchis, 
Asclejjias). The pollen itself forms a valuable nitrogenous food for 
some insects such as bees ; these form “ hee-bread from it. 

An example of a very close relation between floral construction and 
the body of tiie visiting insect is afforded by the pollination of Salvia 
pratensis by ITunihle Bees. Pig. 528, 1, shows a flower of Salvia with a 
Humble Bee on the lower lip* in search of nectar. The flower has 
only two stamens, the two halves of each anther being quite differently 
developed, and separated by an elongated connective ; the one half- 
anther is sterile and forms a projection in the throat of the corolla- 
tube, the other at the end of the long arm qf the connective is fertile 
and lies beneath the hood formed by the upper lip of the corolla. 
The connective thus forms a lever, with unequal arms, movable on 
the summit of the short filament. When the bee introduces its 
proboscis it presses on the short arm of the lever ; the fertile half- 
anther is thus by the movement of the connective (c) on its place of 
attachment to the filament (/) brought down against the hairy dorsal 


556 


BOTANY 


PAKT II 


surface of the insect’s body (Fig. 528, 1, 3). On visiting an older 
flower the insect will meet with the stigma projecting further from the 
upper lip oil the elongated style (Fig. 528, 2). The stigma is then in the 
position corresponding to the depressed .half-anthers, and will receive 
witli certainty the pollen deposited from them on the back of the bee. 

In, addition to the stimulus of hunger, plants utilise the reproductive instinct 
of insects for securing their pollination. Not a few plants {Stapelidy AHstolocMa^ 
and members of the Aracoae), by the unnatural colour of their flowers combined 
with a strong carrion -like stench, induce carrion-flies to Ausit them and deposit 
their eggs ; in so doing they effect, at the same time, the pollination of the flowers. 
In the well-known hollow, pear-shaped inflorescences of the Tig {Ficus cariccf, 
Fig. 614) there occur, in addition to long-styled female flowers that produce seeds, 
similar gall-Howers with short styles. In each of the latter a single egg is laid by 
the Gall-Avasp (Flastophaga), which, while doing this, pollinates the fertile flowers 
with pollen carried from the male inflorescence (the Caprificus). The large Avhite 



Fig, 528.— Pollination of Salvia prafemis, Elxplanation in the text. (After F. Noll.) 

flowers of Tucca are exclusively pollinated by the Yucca moth {Pfonuha). The 
moth escapes from the pupa in the soil at the time of flowering of Yiicca and 
introduces its eggs into the ovary by way of the style ; in doing this it carries 
pollen to the stigma. The larvae of the moth consume a proportion of the ovules 
in the ovary, hut Avithout the agency of the moth no seeds Avill be developed, as 
is shown by the sterility of the plant in cultivation. 

OiiNTTHOPHiLY plays a much less important part than entoraophily ; the bird- 
visitors are confined to the American Humming-birds and the Honey Birds of the 
Old World. A specially remarkable case of adaptation of this kind is afforded by 
Strelitzia regmac, Avhich is often cultivated m greenhouses (Fig. 529). Its three 
outer perianth segments {t) are of a bright orange colour; the largo azure-blue 
labellum (p) corresponds to one of the inner perianth leaves, while the other twm {p) 
remain inconspicuous and roof over the passage' leading to the nectary. The 
stamens {st) and the style {g) lie in a groove, the margins of Avhich readily 
separate, formed by the labellum, while the stfgma (q) projects freely. The similarly- 
coloured and showy bird {N'ectarmia afra) flies first to the stigma and touches it, 
then secures pollen from the stamens, which it will deposit on the stigma of the 
flower next visited. 

The structure of the pendulous inflorescence of Marcgravia is just as remarkable 
(Fig. 530) ; in tliis the bracts form receptacles containing tbe nectar. Numerous 
insects fly around these nectaries, and the darting. Humming-birds, either in pursuit 
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of tlie insects or themselves in search of nectax', get dusted with pollen from the 
flowers, which face downwards, and carry it to other flowers. On the investiga- 


Fio. Ornifchopliilous flower of Strelitzia i^eginac and a cross-section of its large labellum O'O; 
t outer, and p inner periantli leaves ; g, stylo and stigma ; st, stamens. (Prom Schimper, Plant 
Geography.) • 


tions of Hess referred to above, it is easy to understand why the majority of 
ornithophiloiis flowers {Aloe^ OUmithus, epiphytic Loranthaceae, etc.) arc red, since 
this colour has the same value to the eyes of day-flying birds as to our own. 

Besides these OEiy^lTHOPHiLOUS plants there are a few visited by Bats 
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(oHiiLOPTEiiopHiLOUs) ; tliiis the dioecious Pandanaceous plant Freycinetia of 
the ^lalayan Archipelago is. pollinated by a Flying Fox (Pterojms), -wliich eats the 
inner bracts. t 

Pollination in some cases is effected by means of snails (malacophiloijs 
plants). To their instrumentality the flowers of /a pahfMris, Chry so- 
spleiiium, and also the half-buried flowers of the well-known Aspidistra owe their 
pollination. 

It would seem remarkable that such manifold and various adapta- 
tions for tbe conveyance of pollen should exist while the niajoritj^ of 


■InrioreHceiice of Marcgmvia wiibellata adapted for pollination by llnmiiiing-bird: 
(From ScHiJiPEK, Plant Geography.) 


angiospermic plants have hermaphrodite flowers ; it is known, however, 
that the pollination of a flower with its own pollen may result in 
a poorer yield of seed (Rye) or be without result (self- sterility in 
Carda77hine pmiensisj Lobelia fulgens^ Corydalis cam^ etc.). 

Oross-pollination (allogamy) must take place wiien the pollen can 
only germinate if the stigma is rubbed as in the case of Lahmiymi 
mlgm'e. The insect visit, which as a rule will bring foreign pollen, 
prepares the conditions for germination and excludes the action of the 
flower^s own pollen. In the Orchids the flower^s own pollen has a 
directly injurious influence, and when applied to the stigma causes the 
flower to wither. 

Even when there is no self-sterility there are ‘many and various 
conditions which render the self-fertilisation of hermaphrodite flowers 
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impossible and favour 
completely imevents 


Fig. 531 .— Flower of Antliriseu$ Slightly iiiagnifiod. J, In the male, 

J?, in the female conditio^^ (After H* MOller.) 

hinders the pollination of the flowers with pollen from the same plant. 
A similar result is brought about when the two kinds of sexual organs 
of a hermaphrodite flower mature at different 
times. This very frequent condition is known 
as DICHOGAMY. There are obviously two 
possible cases of dichogamy. Either the 

stamens mature first and the pollen is shed 
before the stigmas of the same flower are 
receptive ; the plant is knowm as protan- 
DROTJS. On the other hand, the style Avith 
its stigma may ripen first, before the pollen 
is ready to be shed; the plant is protogynous. 

Protandry is the more frequent form 
of dichogamy. It occurs in the flowers of the 
Geraniaceae, Campanulaceae, Compositae, 

Lobeliaceae, Umbelliferae (Fig. 531), Geraiii- 
aceae, Malvaceae (Fig. 664), etc. The anthers, 
in this case, open and discharge their pollen 
at a time Avhen the stigmas of the same flowers 
are still imperfectly deA^eloped and not ready 
for pollination. In Saida also (Fig. 525) 
protandry is the necessary preliminary to the 
cross-pollination. 

In the less frequent protogyny the female 
sexual organs are ready for fertilisation before 
the pollen of the same flowers is ripe, and 
the stigma is usually pollinated and withered 
before the pollen is shed {Scrophiilaria nodosa^ Aristoloclm clematitis^ 
Helleborus, Magnolia, Flaniago, Fig. 532). 


Fja. 532.— Ijiflorescence of 

tago media with protogynous 
' flowers. The ui>per, still closed 
flowers (9) have protruding 
styles; the lower (<5) have 
lost their styles, and disclose 
tlieirelongated stamens. (After 
P. NoLn.) 


560 


BOTAJv^Y 


PAET IX, 


The /effect of heterostyly ./discovered ^-bj DarwiN' is ■ sim 
According to TisOHLER this condition can be altered by the conditions 
of nutrition. A good example is afforded by Primula sinensis (Fig. 
53d). Comparison of the flowers on different individuals shows that 
they differ as regards the position of the stamens and stigma. There 
are long-styled flowers, the stigma standing at the entrance to the 
corolla-tube, while the anthers are placed deep down in the tube ] and 
short-styled flowers, the stigma of which stands .at the height of the 
anthers, and the stamens at the height of the stigma of the long-styled 
flower. An insect will naturally only touch organs of corresponding 
height with the same part of its body and thus carry pollen between 
the male and female organs ^of corresponding height. Thus cross- 
pollination is ensured. The relative sizes of the pollen grains and 
stigmatic papillae agree with this cross-pollination. 



Pig. 633. — Primula sinmsis: two lieterostyled flowers from different plants. X, Long-styled, 
K, short-styled flowers ; G, style ; S, anthers ; P, pollen -"rains, and N, stigmatic papillae of 
the long-styled form ; p and ii, pollen-grains and stigmatic papillae of the short-styled form. 
(P, V, p, n, X 110. After Roll.) 

The same dimorphic * heterostyly is exhibited by Puhnonaria^ 
Moitonia^ Fagopymm^ Linum^ and Memjanthes. There are also flowers 
with TRIMORPHIG HETEROSTYLY (LyOirum salicwia, and some species of 
Omlis) in which there are two circles of stamens and three variations 
in the height of the stigmas and anthers. 

In a great number of flowers self-pollination is made mechanically 
.impossible, as their own pollen is prevented by the respective positions 
of the sexual organs from coming in contact with the stigma 
(hercogamy). In the Iris, for example, the anthers are sheltered 
under the branched petaloid style. , The pollinia of Orchis are retained 
in position above the stigma ; in Asclepias the five pollinia are attached 
in pairs to swellings of the style by adhesive discs (of. Fig. 746). 

Sometimes liercogamy and dichogamy occur together. The flowers of 
Aristolochia cleTnatitis (Eig. 534) are protogynous. The conveyance of pollen 
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from the older to tlie younger (lowers is effeeted by small insects. Tlie flowers at 

first stand upright with a widely-opened moiitli (‘Fig. 534 I), and in this condition 

the insects can easily push j>List the 

downwardly - directed hairs which 

clothe the tubular portion of the corolla J/j 

and reach the dilated portion below. / j n jjj 

Their exit is, however, prevented by / ‘I lijjjj 

the hairs until the stigma has withered / 1 ^ ^ 

and the anthers have shed their pollen. j \ 

When this has taken place (Fig. 534 11) \ ^ X. \ 

the hairs dry up, and the insects y\ 

covered with pollen can make their V* ' i f ^ 

way out and convey the pollen to the ^ j| f J /A'J 

receptive stigmas of younger flowers. fh ‘ ^ 

All these varied and often highly >4i'y ^ f 

specialised arrangements to ensure JnW ' i 

crossing indicate a tendency to favour * 

the union of sexual cells which differ AT— /j ' j 
in their hereditary characters more f fl ^ ^ ( i J 

widely from one another than would I \ 

be the case if derived from the same pM A 
flower. The progeny from allogamous [[f ^ ^ 

fertilisation tend to be stronger than [| 

from autogamous fertilisation. 534. -Flowers of ^rfaMo*£a out 

In certain plants in addition to the through longitudinally. J, Young flower in which 

large OHASMOGAMOUS flowers, pollin- the stigma (i\0 is receptive and the stamens (5) 

ated by wind or insects, small incon- have not yet opened. JI, Older flower with the 

spicuous flowers occur which never open stamens opened, the stigma withered, and the 

, T M? e i.' hairs on the corolla dried up. (x 2. After 

and only serve for self-fertilisation ; ^ ^ ' 

these OLEISTOGAMOUS flowers afford 

a further means of propagating the plant, while the plants have the opportunity 
of occasional cross -pollination owing to the presence of the large cliasmogamous 
flowers. Cieistogamy is of frequent or regular occurrence in species of lm;patien$^ 
Viola^ Lamium, and Stdlaria, in Speeularia perfoUata, Jwicus hufoniUjSj etc. 
Polycarpon tetraphylhwi has only cleistogamous flowers. 


Development of the Sexual Generation in the Phanerograms 

A. In the Gymnosperms ('^) a prothallium consisting of a few cells 
is formed on the germination of the miorospore. This lies within the 
large cell, which will later give rise to the polFen-tube, closely 
applied to the cell wall ; the rmcleus of this cell is marked k in Fig. 
536 A. The first-formed cell (p) corresponds to the vegetative cells of 
the prothallium. The speematogenous cell (sp), which is cut off 
last, divides later into > the mother cell of the amtheridium (Fig, 
o36 m), and a sterile sister cell (s) adjoining the prothallial 
cell. It is by the breaking down or the separation of the sterile 
sister cell that the antheridial mother cell becomes free to pass into 
the pollen- tube. There, oi* before . its separation, it divides into two 
daughter cells; these are the GENERATIVE OELLS-or male sexual cells. 
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(a) Cyeadeae 



111 tlie Orcadeae and in these male cells still have the 

form of spermatozoids, and thus connect directly with the hetero- 
sporous Archegoniatae. Their mode of development 
is shown for Zamia in Fig. 536. The devScription 
of the figure deals with the details. As is further 
shown in Fig. 537 {a) the two spermatozoids remain 
for a time back to back attached to the sister cell of 
the antheridium ; after their separation (&) they round 
off, the anterior end being provided with a spiraily- 
arranged crown of cilia by means of which they 
are capable of independent movement (Fig, 538). 

The female cones of Zamia bear numerous sporo- 
phylls, the hexagonal shield-shaped terminal expansions (Fig. 583) of 
which fit closely together. Each sporophyll bears a pair of macro- 


Fjg. oS 5.— PolleiJ-grain 
oi'C-Jlnkgo Mldhci stil] 
witliiti the micro - 
sporangium. ( x 
.‘300. After Stras* 

BUBOER.) 



Fig. 536.— Formation of spermatozoids in Zamia fiotidana. A, Mature pollen -grain (x 800); 
V, vegetative protliallial cell— the dark streak at its base indicates the position of another 
crushed cell ; k, nucleus of the pollen-tube ; sp, spennafcogenous cell. C, D, Stages in the 
development of the antlieridinm (B, C x 400 ; D x 200) ; v, persisting vegetative cell growing 
into the sterile sister cell of the antheridium (s) ; m, mother cell of the antheridium, i,e. mother 
cell of the spermatozoids ; e, exiue. In the mother cell the large blepharoplasts (hi) which form the 
cilia are visible ; in B and C they are star-shaped, white in I) they are composed of small granules, 
which will form the cilium-forming spiral band. Starch-grains are present in the pollen-tube, 
and in C they are appearing in the vegetative cell and the sister cell, both of which in JD are 
packed with starch. In /> the two spermatozoids (sp) derived from the mother cell are seen 
divided from one another by a wall. (After H. J. Webber.) 

sporangia. The macrosporangium consists of the nucellus and an 
integument. The micropyle forms an open canal ’ above the tip of 




crushes the other sporogenous cells, as in the case of the macro- 
sporangium of Selaginella. As it crushes the tissue of the upper 
portion of the nucellns it approaches the base of the pollen-chamber. 
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the nucellus. At the period during which the male cones are shedding 
their pollen, the macrosporophylls become slightly separated from 
one another so that the wind- 
borne pollen -grains can readily 
enter. A more or less extensive 
cavi ty ( pollen - chamber, Fig. 

539) has by this time been formed 
at the apex of the nucellus, while 
the disintegrated cells, together 
perhaps' with fluid excreted from 
the surrounding cells of the 
nucellus, have given rise to a 
sticky mass which fills the micro- 
pylai* canal 'and forms a drop at 
its entrance. The pollen* grains 
reach this drop and, with the 
gradual diying up of the fluid, 
are drawn through the micropylar 
canal into the pollen-chamber. 

During the development of 
the pollen-tube (Fig. 510) and the formation of the motile spermato- 
zoids, the embryo-sac filled with the prothallial tissue is increasing in 
size within the nucellus. As in the Coniferae the embryo-sac arises 
by the tetrad division of an embryo-sac mother cell which usually 


Fia 5B7.— Upper end of the pollen-tnbe of Zandn 
Jioruhmn, sliowing the vegetative prothallial 
cell the sterile sister cell (s), and the two 
spermatozoids, a, Before luoveinent of the 
spermatozoids has commenced ; 6, after the 
beginning of ciliary motion ; the prothallial cell 
is broken down and the separation of the two 
spermatozoids is taking place, (x circa 75. Aftei* 
H. J. Webber.) 


Fro. 530.-“Longitudinal section of 
a young macrosporangium of 
Ginkffo biloha. m, Micropyle ; i, 
integument ; p, pollen-chamber ; 
e, embryo-sac ; w, outgrowth of 
sporophyll. (x 35. After 
Coulter and Chamberlain.) 


Fig. 538.—Za«ii«. florldana. Mature, free- 
swimming spermatozoid. (x 150. After 
H. J. Webber.) 
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At the apex of the embryo-sac are found the arcbegonia, usually four 
in number, and separated from one another by some layers of cells. 



Fi('). edule. Upper portion of the niiceUus ut tiie period of fertilisation* The pollen- 

tubes have grown down from the pollen-chamber through the nucellus after beeonung 
attached by lateral outgrowths. They have reached the archegoiiial chamber and two of 
them have already liberated their contents. Two large archegonia with projecting neck-cells 
are present. (After Chamberlain.)- ■ 

Each archegonium has a neck, and ultimately cuts off a canal-cell. 

The archegonia are situated at the base of a depression in the pro- 



Fig. 541 . — Zmnia fioriikv'm. An ovum im- 
mediately after the fusion of the nucleus 
of a spennatozoid with the female 
nucleus has talien place. The ciliary 
band of the spermatozoid remains in 
tlie upper portion of the protoplasm 
of the ovum. A second spermatozoid 
has attempted to enter the ovum. 
(X 18. After H. J. Wkbber.) 


Fig. 542.‘-~Two young pro-embryos 
of Dioon ediife showing their 
relation to the archegonial 
' chamber, S, suspensor ; e, em- 
. bryo. (After Chamberlain.) 

are crowded towards the lower end of the fertilised egg, where cell 
wails commence to form between them. 

The so-called pro-embryo is thus formed (Fig, 542), at the 
growing end of which the embryo develops from relatively few cells. 
The cells farther back elongate greatly and as a suspensor carry the 
embryo into the prothailus. This in Spermatophytes is termed the 
ENDOSPERM and serves as a nutritive tissue for the growing embryo. 
The latter ultimately develops, at the end directed into the prothailus, 
two large cotyledons between which is the rudiment of the apical 
hud or PLUMULE. The region of the stem below the cotyledons is 
termed the hypocotyl ; it passes gradually into the main root or 
RADICLE, which is always directed towards the micropyle. 
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thallium, the archegonial chamber (Fig. 540), which in Dioon is about 
1 mm. in depth and 2 mm. across. The pollen-tubes grow ijito this 
depression and liberate their spermatozoids together with a drop of 
watery fluid in which they swim. The spermatozoids require to 
narrow considerably in order to pass through the space between 
the neck-cells. The spermatozoid strips off the ciliated hand on enter- 
ing the protoplasm of the egg, and its nucleus fuses with that of the 
-latter. The nucleus of the fertilised ovum (Fig. 541) soon divides, 
and the daughter nuclei continue to divide rapidly, until after the 
eighth division thei^e are about 256 free nuclei within the cell. These 
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(b) Coniferae 

The development of the microspores of the Ooniferae when they 
germinate differs fi'om the process described above. The prothallial 


B 



Fig. 543. —Development of the polleii-tubo. A, B, Pirns larido {'A 300. After Coui.ter and 
Chamberlain). C, Picm. excelsa (x 250. After Miyake), p, Remains of the prothallial cells ; 
sp, spermatogenoiis cell; antheridium mother cell ; s, its sterile sister cell; generative 
nuclei of unequal size in a common protoplasmic body ; fc, pollen -tube nucleus. 

cellsj the number of which in the ancient genus Araucaria is larger 

. than in the other Ooniferae and the 
Cycadeae, soon collapse (Fig. 543 
A, S), and the generative cells never 
have the form of spermatozoids. 
The gap between the Ooniferae and 
the Pteridophyta is thus a wider 
one. 

The Abietineae have two genera- 
tive nuclei of unequal size in the 
one protoplasmic body ; only the 
larger nucleus which goes first is 
fertile (Fig. 543 0, g). 



■Fig. HA,~~TcmisUccata, Longitudinal section , Araucaria the prothallial tissue is 

through the sporogenous tissue, showing an highly developed. The spermatogenoiis 

cell giVes rise to the sterile cell and the 
antheridium motlier cell. From the latter 
two generative, nuclei, which to begin with 
are of equal size, are produced ;* they are 
enclosed in a common protoplasmic mass. 
In many cases one of the two nuclei apjilars to gradually diminish in .size. 


ombryo-sae motlier cell which Iras under- 
gone the tetrad division ; three of the facul- 
tative macrospores are degenerating, while 
the fourth is undergoing further develop- 
ment. (x 250. After Strasbueger.) 
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Araucaria thus stands nearest to the Abietineae. In the Cnpressiueae t^YO equal 
gcneratire cells are fourid throughout. Taxus has a single generative cell ; the 
sister cell produced on the division of the antheridium mother cell is greatly 
reduced. 

As a rule the macrospbrophylls bear two niacrosporangia. The 
single mother cell undergoes a tetrad division (Fig. 544), and of the 

four resulting cells only one 
x""? develops into an embryo-sac 

(macrospore). This, as it in- 
X / /'ff- creases in size, first crushes 

\ its sister cells and later the 

/'/ ' r whole sporogenous complex of 

/ / /. cells. Aiean while, by the re- 
/ / / ■ ' 7 t " \ peated division of the nucleus 

— T-yL _ . j j \ protoplasm, the macro- 

/ ^ spore becomes filled with the 


Fia. 545- — Median longitudinal section of an ovule of 
Picea excelsa at the period of fertilisation, e., Em- 
bryo-sac lilled with the prothallium ; a, archegonium 
showing ventral (a) and neck portion (c) ; o, egg-cell ; 
n, nucleus of egg-cell ; nc, nucell us; p, pollen-grains ; 
i, pollen-tube ; i, integument; s, seed-wing, (x 0. 
After Strasburger.) 


Pm. 540. — Archegonium of Fmus lariGia 
before the separation of the ventral- 
canal-cell. (x 104. After Coulter and 
CHAMBEELAIlir.) 


tissue of the prothallium (Fig. 545). The arehegonia are formed at 
the -apex of the prothalliiim ; each consists of a large ovum and a 
short neck. As in the Pteridophytes a small ventral canal-cell is cut 
off from the egg-cell shortly before fertilisation (Fig. 546). The 
development of the embryo from the fertilised ovum presents great 
differences in the several orders and even genera, and the following 
description applies to the species of Finns (Fig. 547 D-iT). ' 

By two successive divisions of the nucleus four nuclei are formed 
which pass to the base of the egg-cell, where they arrange themselves 
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in one plane and undergo a further division. Oeil walls are formed 
between the eight nuclei of this eight-celled pro-embryo. The cells 
form two tiers, those of the upper tier being in open eommimication 
with the cavity of the ovum. The four upper cells then undergo 
anothe]* division (G), and this is followed by a similar division of the 
four lower cells (H). The pro-embryo thus consists of four tiers, each 
containing four cells, the cells of the upper tier being continuous with 



Pig. 547.— P/cca excelsa (A-C). Finns laricio (D-K). A, Mature ovum with its nucleus (on) and the 
ventral -canal-cell (d). B, The male nucleus (sn) within the ovum. C, Fusion of the male 
and female nuclei- D-Jf, Description in text; s, suspensor. (A-O x 55, after Miyake; 
D-Ii X 200, after Kildahl ; J, K x 104, after Coitltek and Chamberlain-.) 

the remaining portion of the ovum. In the further development of 
the three lower tiers the middle tier elongates to form the suspensor 
(K, s), pushing the terminal tier from which the embryo will arise into 
the tissue of the prothallium or endosperm ; the cells of the latter are 
filled with nutritive reserve material. 

In other genera a separation of the four rows of cells takes place, 
and each bears a young embryo. As a rule, however, only a single 
embryo continues its development in^each macrospore, although several 
archegonia may have been fertilised. The embryo is formed of the 
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same parts as the embryo in the Cycadeae, but the number of cotyle- 
dons is frequently greater than two. 

(e) Gnetineae 

The last order of Gyiniiosperms, the Gnetineae, exhibit a peculiar and 
isolated course of development. The microspores in their development and 



Pig. 548. — Apex of the embryo-sac of Gnetim Ruinphiamm shortly before the development 
of the female cells, wk, Female nuclei ; mk, male nuclei ; PK, pollen-tube nucleus ; ps, pollen- 
tube. (x 500.) 

germination show no essential diderences from those of other Gymnosperms ; the 
separation of the generative cells is, however, less clear and sometimes wanting 
in that two similar nuclei lie in the common protoplasmic investment. The 
macrospores show more marked peculiarities. The macrospores of E;pliedra and 
WelwitscMa have well-developed prothallia; Ephedra forms archegonia which on 
the whole resemble those of the Coniferae. WelwitscMa has elongated cells with 
2-6 nuclei which grow from the summit of the prothallus into the tissue of the 
nucellus towards the entering pollen-tubes. Their significance as archegonia is 
not clear. In Gnetum (Fig. 548) no prothallium is formed, but the embryo- sac 
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B. Angiosperms(®) 

(a) The microspokes of Angiospems before they are shed from 
the poilen-sac form an antheridial mother cell (Fig. 549 m) which is 


540.— PoUen-grani of LilUm MaHagon aud its germination. I’, Vegetative nucleus of tlie 
pollen-grain ; m, antheridial mother cell ; </, generative nuclei, (x 400. After Strasbuhokr.) 

ckariy delimited from the large pollemtube cell, but is not enclosed 
by a cell wall. When the pollen grain germinates on the stigma the 
antheridial cell passes into the pollen tube, and its nucleus sooner or 
later divides into two genei’ative nuclei (g) which lie free in the proto- 
plasm within the pollemtube without being enclosed in a common 
mass of protoplasm. They are, of an elongated oval or ellipsoidal 
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sliape and pass one after another down the pollen-tube. The nucleus 
of the polien-tube {Jc) is usually visible in the neighbourhood of the 
generative nuclei. The absence of the small prothallial cells, and of a 
sterile sister cell of the antheridium, as well as the absence of a cell 
wall from the mother cell of the antheridium, and lastly the presence 
of naked generative nuclei instead of generative cells in the polien- 
tube, are points in which the Angiosperms differ from Gymnosperms. 



Fig. 550.~I)e'\’-eIopTneiit of the embryo-sac in Polygonum divaricatum. m, Mother cell of the 
embryo-sac; eml), embryo-sac ; st, sterile sister cells; e, egg*cell ; s, 'synergklae ; p, polar 
nuclei; a, antipodal cells; k, secondary nucleus of the embryo- sac ; cJm, chalaza; micro- 
pyle ; at, ii, outer and inner integuments ; fun, funiculus. (1-7 X 320, S x 135. After 

STRASBURaiSR.) 

The reduction of the male prothallium has thus gone so far that only 
the indispensably necessary parts remain. 

(h) Macrospores. — The characteristic differences which the 
* Angiosperms show from the general course of development of the 
MACROSPORANGIUM ill the Gymnosperms commence with the cell 
divisions in the single, functional, macrospore-mother-cell resulting 
from the tetrad division (Fig. 550, 1-5). The '‘primary nucleus of 
the embryo-sac ’’ divides and the daughter nuclei separate from one 
another. They divide twice in succession so that eight nuclei are 
present. After this, cell formation commences around these nuclei 
(Fig. 550, 6-8), Both at the upper or micropylar end of the embryo- 
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sac and at the lower end three naked cells are thus formed. The two 
remfuning “polae nuclei’^ move towards one another in the middle 
of the embryo-sac, and fuse to form the ‘^'SECONDARY nucleus of 
the emlnyo-sac.” The three cells at the lower end are called the 
ANTIPODAL CELLS ; they correspond to the vegetative prothallial cells, 
which in Clymnosperms and in G^netim fill the cavity of the embryo- 



Fia. 551.— Ovary of Polygonum Con, vol- 
vulus during fertilisation, fs. Stalk- 
like base of ovary ; fu, fiuiiculus ; cha, 
chalaza ; mi, iraceilus ; mi., micro j>ylo ; 
ii, inner, ie, outer integument ; e, 
embryo-sac ; ek, nucleus of embryo- 
sac ; ei, egg apparatus ; an, antipodal 
cells ; g, style ; n, stigma ; p, pollen 
grains; ps, pollen - tubes. (X 48. 
Aiter Schenck.) 


sac. The three cells at the micro- 
pylar end constitute the 
APPARATUS.^’ Two of them are 
similar and are termed the syner- 
GIDAE, while the third, which pro- 
jects farther into the cavity, is the 
EGG-CELL or OVUM itself. The 
synergidae assist in the passage 
of the contents of the pollen-tube 
into the embryo -sac. Here also 
the process of reduction has gone 
as far as possible ; in place of the 
more or less numerous archegonia 
of the gymnospermoiis macrospore 
only a single egg-cell is present. 



Fig. 552.— FunMa ovata. Apex of nucellus, 
showing part of cmbryo-sac and egg 
apparatus before fertilisation ; o, egg-cell ; 
6', synergidae. (x 300. After Stjeias- 

BUEGEE.) 


The significance of the synergidae is difficult to determine unless they 
are regarded as archegonia which have become sterile or, with Tbeub 
and PoRSCH, as neck cells of an archegonium transformed to the 
egg apparatus (Fig. 552). 

In. some cases the mother cell of the embryo-sac does not undergo a tetrad 
division, but forms only three or two daughter cells or is directly transformed into 
the embryo-sac without dividing. The last is the case in LiHu'tn, where the mature 
embryo-sac contains the usual eight nuclei. In Cypripedium and JPlumhdgella, on 
the other hand, the number of nuclei is reduced to four by the omission of the last 
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division. Tiiere may then be an egg-cell, an antipodal cell, and two polar nuclei, 
or alternatively in C'ljfrqndvimi an egg-cell, two synergidae, and one polar nucleus. 
In all these cases the reduction division takes place in the embryo-sac, being traiis- 
ferred from the end of the sporopliyte generation to the commencement of the 
gametopliyte generation. 

The microspores, which cannot reach the macrospore directly, 
germinate on the stigma (Fig. 551). The pollen -tube penetrates for 
the length of the stylej and as a rule the tip enters the mieropyle 
of an ovule and so reaches the apex of the nucellus. This most usual 
course of the pollen- tube is termed poROCrAMY, but many cases of 
departure from it have become known of recent years. 



Fig. 553. — Ovule of Ulmus piiduncidata. 
es, Embryo-sac ; m, mieropyle ; ch, 
clialaza ; t, pocket-like space between 
the integuments. The pollen-tube, 
ps, penetrates directly through the 
two integuments and reache.s tlie apex 
of the nucellus. (Afcer Ka waschin.) ’ 



Fia. 554.—- Longitudinal section of an ovary of 
Juglaiis regia to show the clialazogamy. fs, 
Pollen-tube ; e, embryo-sac; ; clia, chalaza. 
(Somewhat diagrammatic, x 6.) 


Treub first showed in Castiarina that the pollen-tube entered the 
ovule by way of the chalaza, and thus reached the peculiar sporo- 
genous tissue, which in this ease develops a number of macrospores 
or embryo-sacs. Ghalazogamy, as this mode of fertilisation is 
termed in contrast to porogamy, has been since shown, especially by 
ISTawasohin, to occur in a large number of forms. These belong to 
the Casuarinaceae, Juglandaceae, Betulaceae, Ulmaceae, Celtoideae, 
Urtieaceae, Oannabinaceae, and Euphorbiaceae, which all have the 
common character of the pollen-tube growing within the tissues, and 
avoiding entrance by the mieropyle. This in some cases (Urtieaceae) 
becomes closed or, as in the Euphorbiaceae, is covered by the obturator. 
The pollen-tube makes its way to the embryo-sac sometimes from the 
chalazal end and sometimes from the side of the ovule (Fig. 553), 
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pciiotrating the tissues that lie between it and the egg apparatus. 
Since, according to the optij^^n of many anthors, the families 
mentioned above stand at the lower end of the series of Dicotyledons 
where a connection with the G-ymnosperms might be looked for, this 
type of fertilisation may be regarded as departing from the behaviour 
of the more numerous porogamic Angiosperms and approximating to 
the oinginal relations in Gymnosperms. In the latter the whole over- 
lying tissue of the nucelius has to be penetrated by the pollen-tube 
to reach the embryo-sac (Figs, 545, 553, 554). 

In a more recent work Nawaschin shows that there are also 
indications in the development of the contents of the pollen- tube that 
these forms are at a lower stage than the majority of Angiosperms. 

In Jiiglans the two generative nuclei remain 
' ' enclosed by a common protoplasmic mass 

(Fig. 555) which even enters the embryo- 
sac ; it then gradually disappears and the 
naked nuclei emerge and fulfil their re- 
spective functions. Nawaschin points 
out that these relations agree with what 
is found in many Gymnosperms. Thus 
they afford a further clear indication that 
the transition from the latter group is 
to be looked for. in these lower .families 
of the Angiosperms. 

When the pollen-tube, containing the 
two generative cells, has reached the 
embryo-sac, its contents escape and pass 
by way of one of the synergidae to the 
ovum; the corresponding synergida then 
dies. One’ of the two generative nuclei 
fuses with the nucleus of the ovum, which 
then becomes surrounded by a cellulose 
wall. The second generative nucleus passes the ovum and unites with 
the large secondary nucleus of the embiyo-sac to form the endosi^eiim 
N dOLEUS (Figs. 556, 557). Both the male nuclei are often spirally 
curved like a corkscrew, and Nawaschin, who first demonstrated the 
behaviour of the second generative nucleus, compares them to the 
spermatozoids of the Pteridophyta. The further development usually 
commences by the division of the endosperm nucleus, from which a 
large number of nuclei lying in the. protoplasm lining the wall of the 
embryo-sac are derived. The endosperm arises by the formation of 
cell walls around these nuclei and their proper surrounding proto- 
plasm, and by the increase in number of the cells thus formed (Fig. 
565 A) to produce a massive tissue. 

The distinctive feature of the development of the endosperm in 
Angiosperms from the prothallus of Gymnosperms lies in the 


A: 








B’lo. 55b.—Jni/ktn.s nigra, a, Part of 
the embryo -sac in longitudinal 
section before fertilisation, slio 'ty- 
ing the relation of the binucleate. 
generative, cell to the egg-cell (e). 
b. The genei'ative cell more highly 
magnified. (After NAWASoniN.) 
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interruption -wliich occurs in tlie process in tlie case of the endosperm. 
In the embryo-sac, when ready for fertilisation, only an indication of 
the protbalkis exists in the vegetative, antipodal cells. The true 
formation of the endosperm is dependent on the further development 
of the embryo -sac, and waste of material is thus guarded against. 
The starting-point of this endosperm formation is given by the 
secondary nucleus of the embryo-sac, which needs to be stimulated 


Fio. 557.— -.4, Bmbryo-.sac of Jlelianthm 
aiinuus (after N a wasckin)- JB, The male 
nuclei more highly magnified, jjs, Polleu- 
ttibe ; si, $ 2 i aynergidae ; spi, sp^, iwale 
nuclei ; or, egg-cell ; eh, nucleus of em- 
bryo-sac ; a, antipodal cells. 


Fig. 556. — Fertilisation of Lilium Martagon. One 
of the male nuclei is close to the nucleus of 
the ovum, the other is in contact with the 
nuclei of the embryo-sac. Lettering as in Fig. 
557. (Diagrammatic.) 


by fusion with the second generative nucleus to^ form the endosperm 
nucleus, before it enters on active division. 

From the fertilised ovum enclosed within its cell wall a pro- 
embryo consisting of a row of cells is first developed ; the end cell 
of this row gives rise to the greater part of the embryo (^). The 
rest of the pro-embryo forms the suspensor. Between the embryo 
and suspensor is a cell. known as the hypophysis, which takes a 
small part in the formation of the lower end of the embryo. The 
segmentation of the embryo presents differences according to whether 
the plant belongs to the Monocotyledons or Dicotyledons. In the 
latter, two cotyledons are formed at the end of the growing 
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EMBRYO (Fig, aOiS), AND THE OKOWINO POINT OR THE SIBJOT 
ORIG-ENATES AT THE BABE OF THE DEPEE.SSION BETWEEN THEM. 

Monoootyledonb, on the other hand, i-iave a single large 

TERMINAL COTYLEDON, THE GROWING POIN'r BEING SITUATED 
LATERALLY (Fig. 559). lu both cases the root is fomieci from the 
end of the embryo which is directed towards the rnicropyle ; its 
limits can be readily traced in older embryos. 

After fertilisation a considerable accumulation of reserve materials is necessary 
in the embryo-sac botli for the development of the embryo and for its future 
use. It is thus of importance that a means of transfer of these materials 
should exist. In the simidest eases the endosperm simply enlarges, crushing the 
surrounding tissues of the nucelhis ; often the antipodal cells, whieli are the 
structures which lie nearest to the chalaza, are entrusted with the function of 



Fig. 559. — Young embryo 
of Alima Plantago. c, 
Cotyledon ; ?.?, growing 
point. (After Hanstein, 
magnified.) 


Pig. 558.— Stages in the development of the embryo of CcqiscUa dtirsa 
jpmtoria (A‘I)). h, Hypophysis ; et, suspensor ; c, cotyledons ; p, 
plumule. (After Hanstein, magnified.) 


nourishing the embryo-sac. They then increase in number and sometimes undergo 
considerable further development. Other portions of the embryo-sac may grow 
out as long haustoria which sometimes emerge from the rnicropyle and some- 
times penetrate, the tissue beneath the , chalaza. In some cases, especially in 
insectivorous and semi-parasitic plants, a special store of reserve material is laid up 
in this position for transference to the raacrospore (Fig. 560). 

A further departure in the mode of development of the embryo-sac and embryo 
is met with in some plants wdiich live under quite peculiar conditions of life, such 
as' the Podostemaceae which occur in rushing mountain streams in tropical and 
sub-tropical regions. In this case during the short dry period the immature 
flowers rapidly develop at the cost of material which has been previously stored 
up. Pollination, fertilisation, and the development of the seed* are I’apidly 
effected in a shortened form, so that on the return of tlie aquatic conditions the 
ripe seeds find the conditions for germination and serve to multiply and spread 
the plants. 

In some cases plants ^ have , more or less completely lost, the 
capacity for sexual reproduction, which has been replaced by other 
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modes of reproduction that can often be distinguished only by 
careful investigation. In place of the various expressions used by 
StRxISBUFvGer and Winkler which involve obscurity, the definitions 


milium 


Fig. SiiO. — Haiistoi’ia of the onihryo-sac of 3Ielampyrum nemmmwn (after Balickj4-Iwa^jowsiv.a). 
h, Ilaustoria of the chala^iil end; c, nutritive tissue; d, brancli of the vascular bundle; e, 
fnnicle ; /, embryo; r/, the suspensor; a, a-,, a,/, h3,ustorial tubes arising early from the micro- 
pylar end, spreading widely in the fnnicle and sometimes penetrating the epidermis ; h, the 
base of attachment of these ; i, cross-walls in the tubes. 


of A. Ernst may he employed. According to him paetheno- 
GENESIS is the apomictic {ie. resulting without fertilisation) develop- 
ment of gametes (especially egg-cells) of a sexually differentiated and 
sexually functional plant or animal, whether the process is autonomous 
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or iiidiieed by exteriu'il conditions. It occasionally alternates with 
sexual reprodiietion, e-pccially in lower plants in wliieh tlie reduction 
division follows on tbe union of tim gametes, and results froiii the 
liifliiciice of external conditions on the gametes. 

xlFOGAMY, on the other hand, is the obligate apomictic formation 
of an embryo from cells of a diploid or heteroploid gametophyte. 
Ovogeiiic apogamy is when the young plant arises without a sexual 
process from the egg-cell Somatic apogamy is when it arises from 
other cells of the gametophyte. Apospory is the complete omission 
of spore formation. 

Thus in Fig. otU a case of tin? apomictic development of adventitious 
embryos is rejwesented. Ycgetalivc growths from synergidae or 
from adjoining cells of the nucellus form in the embryo-sac and affect 
01* completely prevent the development of the fertilised egg. Nucellar 



Fiq. 5C1,— Vt-'geUtivt; iunuation of nrubryon in Funkia ovata. n, Nucellus with cells in process 
of foriuiriu' the riidiunents (or) of the adventitious embryos; S, synergidae; E, egg*eells, in 
tho {ijA'ure on the right devidopiug into an embryo ; U, inner integument, (After Straseurger.) 


embryos of this kind are formed only after the stimulus of pollination 
in Fnnhia and Cifru,< aurantmn. In the well-known Euphorbiaceoiis 
plant Citehhoffijne ilkifoUa^ which occurs in cultivation in female 
specimens only, and in species of Ckth/canfhis, it takes place without 
this stimulus. In these two latter cases we have complete loss of 
sexuality and somatic apogamy. Numerous cases of ovogenic 
apogamy have been discovered of recent years. In Alchemilla, 
Thalictfum, Tanxmeum^ etc., the pollen grains are usually functionless 
and the reduction of chromosomes in the development of the embryo 
sac is suppressed, so that the nuclei retain the diploid number of 
chromosomes ; the plants have become apogamous. According to the 
investigations of Ostenfeld and Eosenberg, the genus Eiemckm 
is of special interest, since the formation of the embryo within the ovule 
may commence in very various ways. In most eases a tetrad formation 
accompanied by a reduction division takes place, but only some of 
these ovules are foiuid to have a normal embryo-sac capable of 
fertilisation; as a rule this is displaced by a vegetative ceil which 
develops into an embryo-sac aposporously (Fig. 562). 'In exceptional 
cases apogamous embryo-sacs are formed. • ■ 
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The Seed 


The eiiiire simeture de.Yelo|)CHl from the ovule after fertilisation 
is tcniied tlie SEED. Every ^seed consists of the more or less advanced 
iaiiuiYO developed from the fertilised ovuin, the enjdosperyi siirromid- 
iiig the embryo, and the pro- 
tective SEB]D-coAT. The seed- 
coat always is derived from 
the ill tegument or integu- 
ments ; their cells, by the 
thickening, sul)erisation, ami 
ligniiicatiori of the walls, give 
rise to an efiective orgaji of 
jmotection against drying and 
injury for the dormant young 
plant within. A special de- 
velopment of the epidermis of 
the seed into mucilage cells 
is of frequent occurrence 
(Quince, Liimm^ many Cruei- 
ferae, etc.). I’he mucilage 
serves as a first means of 
fixation in the soil and also 
retains water which is neces- 
sary for germination. Such 
other features of the surface 
as hairs, prickles, etc., have 
usually the former function, 
if they do not stand in relation 
to the distribution of the seed. 

Points of morphological 
importance in the seed -coat 
are (1) the microfyle, (2) 
the HiLUM ( = place of attach- 
ment to the fiinicle), and (3) 
the UAPHE. Prom ndiat was 
said aT)OVe (p. 540) it follows 002.-~-Apo«porous origin of th. ..mbryo-sae of 
1 1 *1 Hiefociim flagellarc. a, Isorinal teti'ad of maero- 

that the inicropyle and hllnm sporos; c, the disorgauisatiou of this. The 

will lie at opposite poles of dlplokl einhry«-sac arises from a cell of the mtegn- 

the seed when the ovule is ment that is recognisable in a. (After Rosenberg 

me seen wocn uvuic ks and a. Ernst, ms.) 

atropous (lug. 508), in seeds 

derived from anatropous ovules (ie, those in which the funicle lies 
along one side of the ovule, which is bent round at the chalaza) the 
hilura and micropyle are close together. Only seeds of this kind 
possess a raphe connecting the hiliim and chala2;al region. Campylo- 
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tropoiis ovules develop into seeds resembling those derived from 
anatropous ovules, but the embiyo is curved. 

In some eases tlie function of tlie seed-coat is modified, owing to tlie protection of 
the seed or seeds being iindertaken hy the pericarp; this or its innermost layers 
are developed as sclerotic cells and form the stone of the drupe or shell of the 
nut. In such cases Almond, Gherry-Laurel, Cherry, Pepper, etc.), since any 
special development of the seed-coat is unnecessary, it tends to become reduced ; 
its cells do not tlncken or modify their walls and the various layers become 
simply compressed. 

The nutritive tissue in the seeds is developed, in the case of 
Gjmnosperms (except in Gnetvm), by the time of fertilisation and 



cotyledons of the Pea, sliowing cells witli 

reserve material, (oa, Starch grains ; «?, Fig. 6()4.~Transverse section of the seed of Col- 
aleurone grains; p, protoplasm; n, nucleus. {chicum, showing the reserve-cellulose of the 
(x ICO. After Strasburger.) endosperm within the seed-coat. 

constitutes the prothallium (cf. p. 565). This fills the embryo-sac and 
nourishes the embryo, which grows down into it. The surroimding 
tissue of the nucellus becomes crushed so that the embryo-sac extends 
to the seed-coat. The ceils of the endosperm are packed with reserve 
materials {starch, fat, proteid), and these are utilised in the further 
development of the embryo ; this takes place on germination, 
usually after a period of rest. 

The nutritive tissue in the Angiosperms (and of GneMim) arises, on 
the other hand, after the egg-cell has been fertilised. It originates 
from the secondary nucleus of the embryo-sac derived by the fusion 
of the two polar nuclei. This is stimulated to division after fusion 
with the second generative nucleus. The nuclei produced by this 
process of division are distributed in the protoplasm, which lines the wall 
of the embryo-sac, and when a large, number has been formed the 
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protoplasm divides to form numerous cells. These bj further division 
fill the whole embryo-sac with the tissue of the endosperm. 

In AngiGSperiiis also the endosperm as a rule compresses the 
remains of the rmcellus. Eeserye . 

materials such as vstarch, fatty oil, A jn 

and aleiirone grains are accumulated . jM'glCJ'" 

in the cells (Fig. 563) * in other 
cases the gi’eatly thickened walls 

form a store of reserve cellulose ,e«ii im. 


Fig. b^di.—Capsdla bursa 'pastoris. A, Longi- 
tudinal section of a ripe seed ; ft-, hypocotyl; 
c, cotyledons ; v, vascular bundle of the 
funicle (x 2(J). B, Longitudinal section of 
the seed-coat after treatment with water ; 
e, the swollen epidermis ; c, brown, strongly 
tliickened layer; *, compressed layer of 
cells; a, the single persisting layer of 
endosi)erm cells containing aleuroiie grains. 
( X 250. After Strasbiirger.) 


Fig. 5G5. — A, Seed of llyoscyarms Qiiger, showing 
the dicotyledonous embryo embedded in the 
eiidosporiri ; B, seed of Ekttaria Ciifdamovviini, 
enveloped by a tliin aril ; the white, mealy 
perisperm next to the seed-coat encloses an 
oleaginous endosperm (shaded), in which the 
monocotyledonons embryo lies embedded. 
(After Berg and Schmidt.) 


(Fig. 564). In a few cases, as in Piperaceae, Scifcamineae, etc., the 
nucellus persists and also serves as a nutritive tissue; it is then 


Pio. 567. — A, Seed of Papavcr JiJioeas; h, 
the liiium. B, Seed of Corydalis ochro- 
Imca ; vi, micropyle ; c, caruncula. 
C, Seed of CheUdonium mijus. D, Seed 
of Nyniphaca alba with its arillus. 
(After DuunARTRE.) 


Fig. 508.— a, Myristica fragrans, seed from which the 
arillus (a-r) is partly detached. Myristica argentea, 
seed after removal of the arillus ; Oh, chalaza ; r, 
raphe ; li, hiluin. (After Warburg. | nat. size.) 


termed perisperm (Fig. 565 E). When lamellae of the perisperm 
or of this and the seed-coat grow into the endosperm, they usually 
differ from the latter in colour and contents ; the endosperm is then 
said to be ruminated (Mpistica, Areca), 
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111; Tory iiiany Gases j' ijegi.iiiiiEO.sac ■ Cruciferaej , etc. j, not . only 
is tlie niicelliis aBsorbed by .the ■ eiidospernij but the latte,r is ■ coni- 
picfcely displaced by the e.mbi 70 . 'The '.'reserve iiiateriais are then 
stored up i.!i the ’ cotyledons or in .the. whole, body , of the embryo 
(Fig. 566); 

. Lastly, a structure Imown as .the ARILUUS must be mentioned, 
which usually stands in , relation to the distribution of the . seeds. It 
arises as a kicculeiit and usually brightly colourecl outgrowth from 
the : funi^^^^ It grows iip around the ovule, and ultimately comes to 
invest the seed more or less completely (Figs. 567- D, 568, 586). 
An outgrowth in the neighbourhood of the micropyle, which is found 
in the Euphorbiaceae, is termed a CARirNOtJLA (Bhg. 567 G, B): 


The Fruit (^^) 


The effect of fertilisation is not only seen in the macrosporangia 
but extends to the macrosporophylis or carpels. The structures of 

very various form which a}*e 



formed from the carpels (often 
together with the persistent 
calyx and the floral axis) are 
called FRUITS, and serve 
primarily to protect the de- 
veloping seeds. In Gymiio- 
sperms, where the ovules are 
borne freely exposed on the 
carpels, no fruits in the strict 
sense can exist, since no ovary 
is present. Thus in Cycas^ 
ikQO, Tmnis, Fod()carpu,% 


Fig. 569."--CoUective fruit of noisa ftZSa;, consisting of GThCtuW., and hpJwth'Cl W6 Cail 
the fleshy hollowed axis. s', tlie persistent se pals s, only SJ)eak of Seeds and 110 1 of 
andthecarpels/r. Thestamensehavewither^ , When, however, the 

carpels after fertilisation close 
together as in the cones of some Gjunnosperms and the berry-like 
cones of Jmiiperus, a structure analogous to the angiospermic fruit is 
formed, and the term fruit may be used. 

A great variety in the development of the fruit in Angiosperms 
might be anticipated from the range in structure of the gynaeceiim 
described above. The simplest definition of a fruit is the ripened ovary, 
but difficulties arise in the case of apocarpous gynaecea. 


The product of the individual carpels associated in such apocarpous gynaecea 
as those of the Eosaceae will here be termed VAiiTtAL fhitits or feuitlets, while 
the product of the whole gynaeeoum will be spoken of as the fruit or the 
COLLECTIVE FRUIT. The hoilowed-out or projecting floral axis bearing the carpels 
may be included in the fruit. Thus the Btrawberry is, a collective fruit composed 
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of the succulent receptacle bearing the small yellow imt-like fruitlets. In the 
Apple the core only is the fruit, the succulent tissue being derived from tbe 
hollowed floral axis surrounding and fused with the carpels. In the Rose there is 
similarly a collective fruit, the fruitlets being the hard nutlets enclosed by the 
succulent receptacle (Fig, 569). In the case of fruits resulting from syiicarpous 
gynaecea tlie further development of the wall of the ovary as tb.e peutcaiii* has to 
be especially considered. The outermost, middle, and innermost layers of this are 


Fin. 570. — Modes of deliiscorice of capsular fruits, yl, B, Cai)sule of Viola tricolor before and after 
the dehiscence; C, poricidal capsule of Antirrldiium majus (magnified); D, E, i)yxidiiim of 
Amgallis arvensis before and after dehiscence. 

distinguislied as exocarp, mesooarp, and endocakp respectively. According to 
the nature of the pericarp the forms of fruit may be classified as follows : 

1. A fruit with a dry pericarp, which opens when ripe, is termed 
a CAPSULE (Fig. 570). 

When dehiscence takes places by a separation of the carpels along their lines of 
union the capsule is septioidal ; when the separate loculi open by means of a 
longitudinal split, it is termed loculicidal, and when definite circumscribed open- 


Fta. 572.— Schizocarp of Galium 
mollugo. (x 6. After Du- 
chartre.) 


Pig. 571.— Dry indehiscent fruits. A, Nut of Emnaria 
officinalis (X G). B, Achene of Fagopynm esaulentim 
(X 2). (After Duchartrb.) 

ings are formed, it is termed poricidal. As special types of frequent occurrence 
may be mentioned : the follicle, which is a capsule developed from a single 
carpel and opening by separation of the ventral suture, e.g. Aconitum (Fig. 644) ; 
the legume or pod, which differs from the follicle in dehiscing by both ventral 
and dorsal sutures, e.g» Laburnum (Fig. 711). 

2. Dry indehiscent fkuits have a dry pericarp which does 
not open at maturity. Those with a hard: pericarp are termed nuts, 
e.g. Hazel-nut, Lime (Fig. 669), Eelianthus (Fig., 784 A). 
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3. When a dry fruit, consisting of several carpels, separates at 
maturity into its partial fruits without the latter opening, it is 
termed a schizocarp Umbelliferae, Malm, Galmn, Fig. 572). 

4. A BERRY (Fig. 573) is a fruit in which all the layers of the 
pericarp become succulent, as in Vacciniim, Vitis, etc. 

5. In the drupe the pericarp is differentiated into a succulent 
exocarp and a hard endocarp. Prumis Cerasus (Fig. 697) and Juglans 
regia (Fig. 602) are familiar examples. 

When, on the other hand, the group of fruits borne on an 
inflorescence has the appearance of a single fruit, the structure may be 
termed a spurious fruit. The Fig (Ficus) is the best-knowm example 
of this, but similar spurious fruits are especially frequent in the 

Urticaceae and Moraceae. The com- 
parison of a Blackberry which is 
the product of a single flower with 
the spurious fruit of 


Pig. 57U— A, Collective fruit of Bnhus fruti’ 
corns, consisting of a number of drupes. 
jB, Infloreseence of Mulberry (Motus nigra) 
bearing a number of sinall d,rui>es, (After 
Duchartre.) 

will show how closely the two structures may resemble one another 
(Fig. 574). 

Distribution of Seeds (^^) 

The most important means by which Spermatophytes compete with 
others living under the same conditions is to produce as many seeds 
as possible. With the number of descendants the probability that some 
at least will succeed is increased. The number of seeds by itself 
would, however, be of little avail if all the seeds remained in the place 
of their origin. Thus good arrangements for the distribution of the 
seeds are of the greatest importance, and the form and construction of 
fruits and seeds exhibit the great influence of this factor. 

The same agents are available in the distribution of seeds as in 
the conveyance of pollen — currents of air and water, animals, and iii 
addition human traffic. A distinction must be made, however, between 
the conveyance of pollen and of seeds, in that while a pollen grain is 


the Mulberry 




Fia. 573.— Fruit of Physalis alkehengi, 
consisting of the persistent calyx 
s, siUTOimding the berry /r, derived 
from the ovary. (After Duchartbe.) 



Div'. n 


SPERMATOPHYTA 


585 





extremely small and weighs very little, seeds contain a certain 
amount of reserve materials and are thus larger and heavier. In 
sjhte of this the transport of seeds by the wind is the main means of 
their dispersal. 

Often the suitability of seeds for ^Yind-dispersal is due simply to their minute 
size and their lightness ; thus millions of seeds are produced in a capsule of 
Stanliopea, and the weight of a seed ol Dcndrohiuin aUenuattbmh.ai,B been determined 
to be about milligramme. Thus these Orchids play a part as e[»iphytes in damp 
tropical forests only equalled by Ferns, the spores of which are as light. A much 
more common arrangement is found in heavier seeds when the volume is increased 
and a large surface is offered to the wind. Either the whole surface of the seed 
bears longer or shorter hairs as in the Willow (Fig. 611), Poplar (Fig. 612), and 
Cotton (Fig. 667), or a longer tuft of hairs is borne at one end as in the 
Asclepiadaceae and Apocynaceae {Strophmthns, Fig. 745), and many Gesneriaceae 
and Bromeliaceae. An equally frequent arrangement in other families of plants is 


Pig. 575.--Wii!ged seed of PWwioctewhmi echinatim. (After Noll. , Nat. size.) 


the development of a fiat wing formed of a thin and light membrane. This in our 
Firs (Fig. 591) and Pines (Fig. 593) is split off from the ovuliferous scale, while in 
Rhododendron^ Bignoniaceae, some Cucurbitaccae [Zanonia), and in the Rubiaceae 
{Qinchona, Fig. 766) it develops on each seed within the ovary. In no case is it 
more perfect than in Fithecoctcnmm ecldnatum (Fig. 575), where the delicate silky 
wing leads to the laliing seed assuming an almost horizontal position and being 
carried far even by a slight breeze. 

Other parts of the flower or fruit may he developed as wings, especially when 
one-seeded fruits (or schizocarps) are concerned. Examples of this are afforded by 
the sepals of the Dipterocarpaceae, the large bract of the inflorescence of the 
Lime (Fig. 669), the bract and hracteoles of Garpimis (Fig. 605), and more 
commonly the wall of the ovary as in Betula (Fig, 604), Ahms^ Vlnms (Fig. 613), 
Polygonaceae (Fig. 618 D), Acer (Fig. 684), Fraxinus (Fig. 739), or the fruits of 
the Typhaceae, .Eriophomm (Fig. 809) and Anemone (Fig. 641). The same use is 
served by the crown of hairs (pappus) which is developed at the upper end of one- 
seeded fruits such as those of the Valerianaceae (Fig. 769) and Compositae 
(Figs. 780, 785), especially when it has a parachute -like form due to the later 
elongation of the upper end of the fruit as in Taraxacum, Tragopogon, etc. 
According to Dinglek the fall in air as compared with that in a vacuum in the 
first second is six times slower in the case of the fruits of Cynara Zcolymus provided 
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with scaly hairs ; in Phius sylvcstris the -fall is seven times and in PUliecoctenium 
thirty times slower. 

The distribution of seeds and fruits by ocean currents is important for many 
plants. The strand- flora of the Malayan Archipelago, for example, consists, accord- 
ing to SchimpeiTs investigations, exclusively of plants with floating fruits or seeds, 
tlie adaptations of which correspond more or less to those of the Coco-nut (Tig. 821) 
which is distributed every where on tropical coasts. A thick exooarp consisting of 
a coarsely fibrous tissue renders the fruit buoyant and protects the brittle and stony 
endocarp from being broken against the rooks and stones of the shore. A very 
similar structure is exhibited by species of BarHngtonia^ Gerhera Odollam (Fig. 
576), Termincdia cativpim, and many smaller plants belonging to 

the shrubby and herbaceous 
vegetation of the dunes and 
strand. In all cases the 
capacity of floating for a long 
time is a condition of the dis- 
tribution of the seeds and the 
success of the species. i‘ 

if iJli 

m seeds by means ot animals 

If ji iM depends as a rule upon the 

succulent and attractive fruits 
serving as food for birds, the 
undigested seeds being shed. A 
familiar example is afforded by 
the Elder [Samhucus nigra)i 
the black fruits of which are 
eaten by various birds in 
summer. T here are many such 
cases, and for some seeds the 
passage through the intestine 
of the animal appears to be a 
necessary preliminary to ger- 
mination. The development of 
an arillus (cf. p. 582) is in many 
cases an adaptation to dis tribute 
the seed, by means of animals. 
The arillus of Taxus with its 
bright red colour which surrounds the single seed is greedily eaten by blackbirds ; 
the red fruits of Euorhymus when they open expose four seeds with bright red arilli, 
which are eaten by chaffinches. The Nutmeg is distributed over the islands about 
the Moluccas by a large pigeon which is attracted by the bright red arillus around 
the black seed which is exposed on the dehiscence of the fruit. In a similar way our 
Mistletoe in winter, when little otlier food can he obtained, is eaten by blackbirds 
and other birds ; when the birds clean their beaks the seeds remain attached to the 
branches by reason of the viscid substance around them and are able to germinate 
in this position. The spread of plants with hooked fruits, etc., such as Galium 
aparinei species ot Lappa (cf. Fig. 781), Bidens, Xanthium, etc., by means of the 
fur of quadrupeds, the general distribution of water-plants from one pond to 
another by aquatic birds, and the distribution of the Hazel-nut, etc., by means 
of squirrels, do not require detailed description. Lastly, the distribution of certain 



Fig. 576, — Fruit of Cerlmm Odollam, from the drift. The 
succulent endocarp is wanting, so that tlie buoyant tissue 
traversed by coarse fibrous strands is exi>osed. (After 
SCHIMPER.) 
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seeds by means of ants must be mentioned ; these animals are attracted to remove 
and acciminlate the seeds by the abundance of oil in the elaiosome-containing 
tissue of appendages such as the caruncula. 

It is a matter of general knowledge that man by his commerce and industry 
has exerted great iniluence on the distribution of food-plants and other plants of 
economic value. In this way the seeds of many weeds have been unintentionally 
distributed over the inhabited earth, a feet that could, be illustrated by numerous 
examples. ^ 


Germination 

Seeds which have escaped the various risks of distribution require to be soon 
covered with soil. Small seeds readily find shelter in cracks or depressions of the 
soil and become fixed there owing to special 

properties of their surface. Larger seeds fi ' yj y III 

are sufficiently covered by fallen loaves. /' ^ . J j 

The fruitlets of Erodium and other Gerani- 
aceae, of Avena sterilis, species of Stipa and 

other Gramineae penetrate the soil by the Spiv ^ 

aid of their liygroscopic curvatures (of. p. 

334, Fig. 275) ; the presence on their siir- iMr ° ^ 

face of backwardly-directed hairs prevents fW 

their losing the position reached. The . m 
burial of the fruits of AracMs hypoejifea^ Tri- I 

folium s%LbtGTTanm'mf and Ohenia hypogaea ijij ll 


Fig. 578.— -Pmws pinea. Germination. 
(After Sachs.) I, Longitudinal sec- 
tion of the seed ; g/, micropylar end. 
II, Early stage of germination ; s, 
seed-coat ; e, endosperm ; w, f»rimary 
root ; 05, broken-tlirough embryo-sac ; 
r, red layer of the seed-coat III, 
The cotyledons (c) have escaped from 
the exhausted seed ; he, hypocotyl ; 
w'j lateral roots. 


Pig. 577 . — Thuja oockU'iitalis. A, Median longi- 
tudinal .section of tbe ripe seed. B-E, Stages 
in germination ; h, hypocotyl ; c, cotyledons ; 
T, radicle ; v, growing point of stem. (.4x5; 
B, C’ X 2 ; D, E nat. size. After Schenck.) 


is brought about by the growth of their positively geotropic stalks, while negative 
heliotropism determines the insertion of the fruits of Linaria cymbataria into 
the crevices of the walls on which the plant lives (cf. p. 351). 

When the seeds find sufficient moisture they swell considerably., With this 
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tliey lose some of tlieir resistance to such dangers as extremes of temperature and 
desiccation ; their former resistance was due to the small proportion oi iiVatei they 
contained. The next step is the rupture of the seed-coat, which, as a rule, is 
eifected by the emerging root. The root at once bends downwards geotropically 
and, by means of its root-hairs, which are especially long and numerous at the 


Fig. 579. — Seedling’s, a, of Scorzonera 
humilis ; oi J ris (After 

Klbbs.) 


Junction of the root and hypocotyl, fastens the seedling in the soil. Meanwhile 
the hypocotyl grows and gradually emerges from the seed -coat, while the 
cotyledons as, a rule remain for a time enclosed in the latter and absorb the 
remainder of the reserve material (Figs. 577, 679). This process leads to the 
hypocotyl becoming more and more strongly curved, and the tension resulting 
from its further growth withdraws the cotyledons from the seed -coat. The 
seedling then becomes erect, the leaves are expanded and can assimilate, and thus 
its independent life commences. The number of cotyledons is usually 2," but 
in some genera of Coniferae varies from 3-oc» (Fig. 578)., 


Pig. 680.— Section tlirougli the upper part 
of the fruit of Acrocomia sclerocarpa. S, 
The hard sTiell ; P, the plug which is 
pushed out of the shell by the ger- 
minating embryo, K ; E, endosperm, 
(After Pfitzer.) 


Pig, 581 . — Kandella Rlieedii. The massive root of the 
seedling’ (I) has broken out of the fruit. When 
the plant separates from the fruit the root will 
become inserted into the muddy soil. (Prom 
Schimper’ s ) 
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Arrangement of the Classes, Orders, and Families 

Class I 


Gymnospermae 

Order 1, Cycadinae 

tlie single Family Cycadaceae. These are woody plants 
;al and sub-troxncal regions. Oycas is a native of Asia ; 
wenia of Australia. JUncephalartos and Sktngeria are AfricaOj 
the genera Dioon, Gemtozamiai Zamm^ and Microcycas. The 
;oes secondary growth in thickness, is as a rule unbranched or 
i, and bears large, pinnate foliage leaves. These, which are 
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of firm leathery texture and persist for a number of years, alternate with smaller 
scale leaves and form a large terminal crown. The surface of the C 3 diridriGal or 
tuberous stem is clothed with the scale leaves and the bases of the old foliage 


leaves. Mucilage ducts are present in all parts of the plant. The vascular bundles 
are collateral, but their xylem consists of tracheides only. 

The Cycadaceae are dioecious. Fig. 582 represents a female plant of GycMS 
Tewluta^ in which the growing point forms alternate zones of foliage leaves and 
macrosporophylls. "When young the foliage leaves are rolled up circinately as 
in the Ferns. One of the sporophylls is represented in detail in Fig. It 

shows the pinnate form of the foliage leaf, but is densely covered with brown hairs, 


Pig. 682 


*~~0yiias revoluta, female plant in flower. 


(From a pliotogvaph.) 
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is wanting. Towards the base two to eight maerosporangia are 
-gins, in the place of pinnae. It is evident that each female plant 
of Cijcas which has reached tlie flowering condition 
exhibits a regular succession of flowering and vegeta- 
tive periods. Tiie flower represented by the group 
of sporophylls is always grown through by the further 
development of the apex which does not branch. 

M The male plant of Cycas and the other Gycadaceae 
their sporophylls in terminal cones often of 


Fio. 582(x.-— Macrosporoptiyll 
(Carpel) of Cycas revolutu. 


Fia. 5S2Zj.—-Microsporopliyll (stamen) of Cycas m'cimlis, 


great size, while the further growth of the plant is efifected by a latere 
which continues the direction of growth of the sympodial axis, disf)lacir 
cone to one side. 

The cones consist of numerous sporophylls arranged spirally on the axis, 
microsporophylls hear large numbers of micro- 
sporangia on the lower surface (Fig. 582&). jk . 

The macrosporopliylls of the cone-hearing Cyca- 
daceae are considerably modified as compared 
with Cycas, and each bears two marginal macro- ^ 

sporangia (Fig. 583). For the developmental 

history cf. p. 562. f ^ ; i t Y ’ 


Order 2. Oinkgoinae 

The single representative of the Family of 
the Ginkgoaceae which forms' this order is 
Ginlyo hiloha. This treci comes from Japan, but 
is often seen in cultivation in Europe. The 
long- stalked leaves are divided dicliotomously 
into two or more lobes and are shed annually. 
The flowers are dioecious. The numerous stamens ^ 
are situated on an elongated axis which bears 
no enveloping leaves. Microsporangia with an 
‘‘ endothecium ” (cf. p. 546). M„acrosporangia in 
pairs at the summit of short shoots ; sporophyl 
growth around the base of the sporangium (Fig. 


Fin. 5SB,—CeratozamiarQbnsta. Macro- 
sporopbyil with two macrosporangia. 
(After Goebel.) 
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Order S. Coniferae ■ 

Tlie Coniferae include conspicuous trees or sliriibs witli wood}’' 
stems. The possession of small, undivided, firm leaves, flat or 
needle-shaped, of xerophilous structure, and usually lasting for several 
seasons, is a common eliaracter of the plants of the order ; they thus 
with a few exceptions, such as the Larch, belong to the evergreen 
vegetation. All Conifers are j)rofusely branched, and a distinction 
into long and short shoots is evident in the genera Finns, Larix, and 



Fig. 6M.—-Ginkrio MInha. Male branch with flower; the leaves are not yet full-gi’uwiu a, 7), 
Stamens ,* e, female iiower; /.7, fruit; e, stone of same ; /, stone in cross section ; g, in longi- 
tudinal section showing the embryo ; h, female flower with an exceptionally large number 
of ovules borne on separate stalks. (Male flower and o, nat. size; d, slightly reduced ; the 
other figures maguitied. After liicnARD ; a-d after Eichler.) 

Gedrm. In all cases the direction and rapidity of growth of. the main 
axis differs from that of the lateral branches. This is especially seen 
in young individuals ; old trees are often more irregular in outline. 

The absence of vessels from the xylem of young plants and from 
the secondary wood is an anatomical cWacteris tic (cf. p. 151). Their 
place is taken by large tracheides with peculiar bordered pits on the 
radial walls ; these form a very uniform wood. The majority of the 
Coniferae have resin abundantly px’csent in all the parts of the plant. 

The Coniferae in^contrast to the Cycadihae are mostly inhabitants 
of temperate regions, and are among the trees which approach nearest 
to the polar regions. Within the tropics they are mostly confined to 
mountains. 
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The Ooiiiferae are divided into two families on account of differ- 
ences in the floral structoe. 

The Taxaceae have female flowers with one or few macrosporangia ; 
the latter are usually provided with an ariilus. The flowers are usually 
not definite cones. Mostly dioecious. 



riG. 585.— 2’axus haccata. J, braiicli with female flowers; two ovules on the same shoot (nat. 
siiie). B, Leaf with axillary, fertile shoot (x 2). C, Median longitudinal section of a ijrimary 
and secondary shoot; r, vegetative cone of the primary shoot ; a, rudiment of the aril; e, 
rudiment of tiie embryo-sac ; n, nucellns ; i, integument ; n, micropyle (x 48), (After Stuas- 
lUUlGER.) PO/.S'O.VOr.S'. 

The Pinaceae, on the other hand, have a number of ovules in each 
femafo flower, the latter being a cone with numerous sporophylls borne 
on an axis. Arillus not present. Usually monoecious, 

Fanuly Taxaceae. —The plants belonging to this family are grouped iii a 
number of small genera distributed in the southern hemisphere. The most 
important genus is Podocarpus, the numerous species of which are widely distributed 
in temperate East Asia and in Australia and New Zealand, and also occur as stately 
trees on the mountains of the Asiatic tropics. The female flowers are small shoots, 

2 Q 
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the sporophylls of which are swollen and sncciilent ; one or two sporophylis hear at 
the summit a single anatropons ovule surrounded by a fleshy arillus. The male 
dowers, which are borne on the same or on distinct individuals, are small cones 
consisting of numerous sporophylis attached to a short erect axis. Each sporophyll 
bears two microsporangia on the lower surface ; the microspores arc provided with 
distended wings. 

Tax^is haccata is the only European representative of the family. The Yew, 
whicli is now for the most part artificially introduced, had formerly a wide distribu- 
tion as an evergreen undergrowth in pur native woods (Figs. 585, 586). The 
Yew tree attains a height of 10 m. Isolated examples of large size occur. All 


Kig. 586. 7V6, bearing fruits. (||nat. size.) Poisoyouts. 


the branches are shoots of unlimited growth. The leaves stand on all sides of 
tlie ascending main shoots, but in two rows on the horizontally-expanded lateral 
branches. They are narrow, flat leaves and persist for several years. The#tree is 
dioecious ; the flowers are situated on the lower surface of the twigs and arise in the 
axils of the leaves of the preceding year. The male flowers are invested at the base 
by a number of scale leaves and contain some 10 peltate stamens, each of which 
bears 5-9 pollen sacs. The modepf opening of the sporangia is peculiar. The outer 
wall splits at the base and'^along the side of each pollen-sac, so that the whole stamen 
resembles an umbrella turned inside'out ; the pollen remains for a time in the 
pocket- like depressions, from which dfe is- removed by the wind. The female 
flower usually develops singly as a ^secondary, axillary shoot of the uppermost 
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5B7.~~Jt(iiipci'Ui^ i‘umM)niiS. Twigs bearing frnits and male flowers, i-nat size.) Official, 
A, Male flower ; li, fertile slioot with female flower ; C, female flower with one scale bent {out 
of place ; D, frnit. (All magnified. After Bero and Schmidt.) 


one integument. The drop of fluid excreted from the micropyle of many Gymno- 
sperrns is especially well shown by the Yew. As the seed develops, a fleshy arillus 
springs from its base and surrounds the mature seed like a bright red cup. The 


scale leaf of a primary shoot ; the apex of the latter is displaced to the side and 
does not develop further. Each flower consists of a single, atvopous ovule with 
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Fi«. uSi.-Mperu 3 SaMna: branch wM. fruit. Pom.voc’S. (After H. SoHEr.-CK.) 

ih-familv Cupressmeae.-Someof the Cupressineae have needle-shaped leaves 
oris (Jumper, Fig. 587) ; others have decussately-arranged, scale-like leates 
Fig. 588). The former type is to be ^ 

primitive, for the seedlings of have needle-shaped lea ves ^ 

Ls of scale-leaved forms of J^miperm vevevt to the 

rrn- - ..1 j. nf Tn‘Tn/ 1 . 4 .'iiAYt, diMicJhiwi havG two laiilvS of icni\e& 
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in a median position (c). After fertilisation a sticctilent parenclivinatons grou'tli 
mainly of the basal portions of the sporophylls raises the seeds arid presses them 
together, without, however, obliterating the central space altogether. Tlie three 
carpels become completely coherent above the seeds, hut the place of union is still 
indicated by the scar at the apex of the ripe fruit. The succulence of the cai’|5ols 
gives the fruit the appearance of a berry. Junif&rus is tlje only genus of the 
Cupressineae with such fruits ;.the others, such as Oupressus, Thuja, Taxcdiiwi, 
have cones, and bear the ovules on a slight outgrowth of the scale. 


Junipe^ms commimis, Juniper, is a shrub or small tree distributed over the 
northern hemisphere. /. Sabina, a prostrate shrub of the Alps and other moun- 



Fig. 5S9.—Taxodium onexieanum m the churchyard of S, Maria de Ttile at Oaxaka. 
This giant tree is one of the oldest living. (From a photograph.) 


tains of central and southern Europe. The Cypress {Cupressus sempervireois) in 
the Mediterz'anean region. Species of . Thuja are commonly grown as ornamental 
trees. Taxodium distichum is a deciduous tree, forming extended swampy woods 
on the north coast of the Gulf of Mexico from Florida to Galveston, T, mexicanum 
is evergreen and is widely distributed on the highlands of Mexico ; very large 
specimens occur such as the giant tree of Tule, which at a height of 40 m. was 
30 m. in circumference, and was estimated by voN Humboldt to be 4000 years old 
(Fig. 589). 

Sub-family Abietineae.— The floral structure of the Abietineae may be described 
in the first place. The male flowers (cf. p. 544) consist of an axis bearing 
scale leaves at the base, and, above this, numerous stamens ; the pollen -sacs 
' (microsporangia) are situated on the lower surface of the stamen. In the Abietineae 
in the narrower sense there are two pollen-sacs, but in Agathis and Araucaria 
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there are 5-15. The nncrospores are usually winged. The female flowers are 
always cones, consisting of an axis bearing the closely approximated scales, which 
protect the ovules ; the scales later become lignified. In Agatkis and Araucaria 
each scale bears a single anatropous ovule at its base. The condition of alTairs in 
Sequoia and SciadopUys is similar, but the outgrowth is more clearly defined; 
each scale bears 4*9 anatropous ovules. In the Abietineae proper the limits of the 
two scales are still more marked. The two anatropous ovules are borne on an 



'S'lQ. &90,~-A'bks pectinata. J, Male flower; f, scale leaves; sporopliylls. i?, Bract-scale (ri) and 
ovaliferous scale (/r), seen from below. 6', The same from above, sa, the winged seeds. 
(After Berg and Schmidt.) D, Abies Nordmannimia with ripe cones, the scales in part 
shed. (Reduced from Enqler and Prautl.) 

inner scale, which, at ifcs base, is continuous with the scale of the cone. The 
OUTER SCALE IS CALLED THE BRACT SCALE, THE IHNER THE OVULIFEUOUS SCALE 
(Figs. 590, 593). The ovuliferous scale is the more strongly developed, and it is 
the part that becomes lignified and affords protection to the ovules. Even at the 
period of flowering the bract scale is usually concealed by the ovuliferous scale 
and only to be detected on close inspection. In other forms, however {e.g. Abies, 
Fig. 590, Pseudotsuga Douglasii^ etc.), the bract scales even in the older cone 
project prominently between the ovuliferous scales. 

Most important Genera and Species. {Dammara) is distributed in 
the Malayan Archipelago and extends to New ^Zealand ; A. australis and A. 
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Dammam yield Kauri Copal but no Dammar Resin ; Araucamia Imailutna and A. 
imhricata are stately S. American forest trees. The genus Sequoia includes the 
most gigantic trees known ; specimens of S. gigantea from the Californian Sierra. 
Kevada attain a height of 100 m. and a diameter of 12 m. The ])eautiral 
S. scmpcrvirens from the coastal mountains is hardly inferior in size. 

The Silver Fir {Abies peetinatri^ Fig. 590 A-C) is a native of the mountains of 
the middle and south of Europe. It bears only long shoots. The flat, needle-like 
leaves, marked below by two white lines and emarginate at the tip, are borne on all 



Fig. biil .—Picext excelsa nat. size). Jf, Twig with male flowers. Terminal female flower. 
Pendulous cone. 4, Mierosporophyll. 5, Macro.sporopl)yll ; the bract-scale is covered by the 
large, bent-back, ovuliferous scale; an ovule is visiblft at the base of the ovuUferous scale. 
6‘, Riiie seed with the wing formed by a detached portion of the 'ovuliferous scale, (x 4-t).) 

sides of the axis, but are twisted into a horizontal position on the branches 
illuminated from above. They live for 6-8 or. even for 15 years. The male 
flowers stand in the leaf-axils- on the under side or on the flanks of the shoot, 
and grow downwards so that the pollen-sacs are directed upwards. The wall of 
the sporangium opens by an obliquely longitudinal split, which gapes widely and 
allows the winged microspores to escape. The female flowers arise from the 
upper side of a branch and are directed vertically ifpwards. The bract-scales 
are longer than the broad, ovuliferous scales. The fertilised cones retain the 
upright position, and when ripe the scales separate from the axis and so set the 
seeds free from the plant. , The development, of the seeds takes a year. Abies 

2'Q"2 
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Nordmaimiana from the Caucasus (Fig. 590 D), A. concolor, A. halsamea^ and 
A. nobilis from N. America are in cultivation. 

Picea exceha, the Spruce (Fig. 591), is a fine tree of pyramidal shape ; it has 
no short shoots, and the long shoots bear on all sides pointed, quadrangular, 
needle-shaped leaves, which on horizontal or pendulous branches stand more 
or less erect. They live for 5-7 years, and on main shoots for 12 years. Male 
flowers as a rule on shoots of the previous j^'ear ; on flowering they become twisted 
into an erect position. The two pollen-sacs open by a longitudinal slit. Female 
flowers terminal on the shoots of the previous year, usually near the summit of 

the tree. They stand erect at 
? the time of flowering. The 

cones are pendulous and, 

after setting free the seeds from 

p '-kca omorica from^'serbia,' and 
° ^ Pkca alba from N. America 

deciduous Conifers and replaces 
foliage annually. There is 
^ differentiation into long and 
short shoots. The former bear 
J / / narrow linear leaves on all 

sides and continue the branch- 
^ pyramidal tree, the 

lower branches of which often 
'^Wlnl droop downwards. The siiort 

• J| li ^ shoots arise in the axils of the 

iP^ leaves of the long shoots of the 

rosette of 30-40 leaves which are 
somewhat shorter-but resemble 
Fig. bm.-Larix eMropaea, Long shoots of the preceding of the long shoots. The 

vear, that on the right bearing vegetative short shoots . . . 

kud that on the left male and female flo,yers in place of 1“ ^ position corre- 

tliem, (Prom Bngler and Praktl^) spondiilg to that of the short 

shoots. The male flowers are 
bent downwards when fully developed, and the opening of the upwardly directed 
pollen-sacs occurs as in Abies. The erect female cones produce seed in the same 
year. Species of Cedrus are evergreen forest trees from the Atlas Alountains, 
Lebanon, and the Himalayas, and are grown in pleasure grounds. 

The most advanced diflerentiation of the vegetative organs is found in the 
genus Pinus ; P. s'ylvestris, the Scotch Fir, will serve as an example (Fig. 593). 
Young seedlings in th^ first or second year have long shoots bearing needle-sba})ed 
leaves. On older plants this type of foliage is lost ; the needles are replaced by 
colourless, membranous scale leaves in the axils of which stand the short shoots 
(cf. the explanation of Fig. 693). .. , The needles are shed in three ^rnars. The seeds 
ripen in the second year, and are set free by the separation of the scales of the 


V.’t 






. !'yM.-~PiiLns s^lveatris (| iiafc. size). 1, Shoot of unlimited growtli bearing .short shoots : at the 
top the shoot of the current year: At the base of the latter are nnmerons male fiowers each in 
the place of a short shoot, and nearer the tip brown s'calo leaves, in the axil of each of which 
is a short shoot. 2, Similar branch bearing a young female flower at the summit df the shoot 
of the current year, in place of a branch of unlimited growth. Two dependent green cone.s 
are borne oh the shoot of the preceding year. S, Cone of the year before last, opened to allow 
of the escape of the seeds. 4, A raicrosporophyll. o, Macrosporophyll from the adaxial sich* 
showing the ovulifei'ous scale with the two ovules at the base. 0, Macrosporoxfliyll from the 
abaxial side showing the small bract<scale, below' the large ovulilerous scale. 7, Ripe seed with 
its wing derived from the superficial layers of, the oviiliferous scale, (x 4-7.) Ofivc/al, 
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cone, which till then have been closely pressed together. The cones subsequently 
are shed. Pinus moiitana, a dwarf Pine occurring on mountains ; P, innea, P. 

cemhra^ with edible seeds ; P. laricio, Corsican 
Pine from Austria ; P. jPmaster, Maritime Pine 
from the Mediterranean region ; P. taeda, P. 
Strobus, Weymouth Pine, P. L(Miib&rim4m from 
N. America. 

PoiBOKovs.^J-wnipcriisSahina, Taxus haecata. 
Official. — Ju%i;perus oxycedrus and other 
species yield OLEUM cadinum ; Juiviperus com- 
munis, OLEUM JUNiPERi ; Abies balsamea sup- 
plies TEREBINTH I i^A CANADENSIS ; ABies sibvrica 
supplies OLEUM PiNi siBiEiCAE ; Pi/nus sylmstris 
and other species produce oleum teuebinthinae 
and RESINA ; P. sylvesiris, etc. , Pix liqu ida ; 
unofficial ijroducts are obtained from other species 
of Pinibs, 

Order 4. Gnetinae 

The only Family in this order is that of the 
Gnetaceae, to whicli only three genera belong : 
YiQt,mA,-~Epke.dm altiss^um, I, Habit Eyliedroj (Fig. 594), leafless shrubs of warm dry 
of a male inflorescence. 2, An i*egions of the northern hemisphere ; IVehHtscMa 


inflorescence with unripe fruits, 
(g nat. size.) 


mirahilis {Pig. 595)’, a rnonotypic plant from 
the deserts of South-West Africa ; the widely 
expanded summit of the stem bears after the cotyledons only a single pair of 
leaves, which are 1 m. in length and continue to grow* at their bases ; Gnetum 
(Fig. 597), tropical trees or climbers with broad, reticulately-veined leaves. These 


Fig. 505. — Welwitscliuh mirdbilis. Young plant (from En'olee and Pranttc). 

genera, while differing widely in appearance, agree in possessing opposite leaves 
(in Ephedra reduced to scales), in the development of vessels in the secondary 
wood, the absence of resin canals, and in the presence of a perianth to the flowers, 
which are usually 'dioecious (Fig. 596). 

These points of agreement with both Gymnosperms and Angiosperms make 
the group in many ways an intermediate one between the two classes. Insects 
visit the flowers of all three genera, though they are as yet only known to effect 
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pollination in tb .0 case of Ephedra aampylopoda. On the developiuerit of tin- 
sexual generation cf. p. o69. 



F’ig. 596 . — Ephedra altlffsima, Male flower (x 16, after Stfiasbiirgkr) ; 'pg, i')erigone; h, leaf, 
jS, Gneimi Gnemon, longitudinal section of a female flower (x 32, after Lotsv); n, nncellns : 
•U, inner, and ai, outer integuraents ; pg, integument-like investment or perianth 



Fig. rni.—GmUm Gnemon, Branch with male inflorescences, (i nat. size.) 
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Fossil Gymnospems 

In contrast to what was seen to be the case for the Pteridophyta, Gymnosperms 
have not yet been detected in Cambrian and Silurian strata. They appear first in 






. oyS.— I, Cordaites subglomeratm, longitudinal section of a male flower -bud; h, investing 
bracts ; a, stamens with several anthers. A pollen grain ; tlie probhallial cell is separated 
by a curved wall while the rest of the grain is divided into a number of cells. S, C. WUUtmisoni, 
longitudinal section of a female inflorescence; 5, leaves; s, seed in longitudinal section. 
4, C. GmwVExmji, longitudinal section of an ovule, showing the deep pollen chamber in the 
nucellus containing a number of pollen grains, (After Renault.) 


the Devonian, hut are sparingly represented and first form an important constituent 
of the flora in the Oarhoniferous. From the Cycadofilices, wliich possessed stems 
with secondary thickening and fern-like foliage and had been regarded as Pteri- 
dophyta, Oliver -and Scott have recently separated the Pteridospermeae ; which 
may be shortly characterised as fern -like seed -plants. These have been con- 
sidered in connection with the Pteridophyta (p. 534). 

Cordaitaceae. — Oordaites is a pecxiliar type confined to the Palaeozoic rocks. 
Owing to the excellence of the preservation of the remains, its morphology is as 
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■well known as that of the existing Gymiiospenns. The Cordaitaceae were lofiy. 
hrancdied trees with linear or broad and lobed leaves ■^vitli parallel veiiaLion. 
ITieir llowers differ considerably from those of recent Gyninospurms. Tht.* 
male and female flowers are borne on spike -like axillary inflorescences. The 
female flower consists of a single atropous ovule with some bracteoles at its 
base ; tliese resemble the vegetative foliage leaves (Fig. 59S, 4.). At the 

summit of the nucellus is a deeply sunken pollen chamber in which pollen grains 
are often met .-with. The male flowers terminate small shoots tliat are surrounded 
by a number of sterile bracts and at the summit produce a number of stamens 
each of which has 2-1 anthers (Fig. 598, 1). An important flict as bearing 
on the phylogeny of the group is the presence of a male prothalJns as a small 


Pig. 599.— Reconstruction of the longitudinal section of tlie flower of Cycadeoidm (BmnettUes) 
(From Scott a ftor Wi ELAND. ) 

multicellular body (Fig. 598, 2). The ovules and seeds show great structural 
agreement with those of Cycas and Ginkgo, With the exception of some less 
common fossils (Oycadites, Dicranophylhom)^ w-hich may be placed with the Giiik- 
goineae, Cordaites is the most richly represented type of Gymnosperm found in the 
Carboniferous rocks. Undoubted Cycadophyta make their appearance in the 
lower Rothliegende. 

The Cordaiteae disappear in the lower Mesozoic strata. The Gymnosperms 
flora can he followed through the Trias, in which it consisted of extinct types 
of Cycadophyta, Ginkgoineae, and Coniferae, to the Jurassic period. In the 
latter it attained a great development in that both the Ginkgoineae and the 
Cycadophyta attained their maximum development. 

BennetMtaceae . — Scott has recently given an .account of the appearance and 
the high degree of organisation attained by the Mesozoic Cycadophyta, from the 
knowledge obtained by Wieland’s study of the abundant material found in North 
America. The name Cycadeoidea proposed by the American author is synony- 
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mous , \Yitb JBennefMtes ; fruits derived from the hermaphrodite flowers were 
ah'eady imperfectly kuown from European strata under the latter name. The 
short and sometimes branched stems resembled recent Cycads in their appearance 
and foliage and bore flowei's which were hermaphrodite and 12 crn. in length. 
A hundred or more spirally arranged perianth leaves surrounded a whorl of 18-20 
microsporophylls, which were united at the base to form a deep cup, in the centre 
of which the gynaeceum arose (Fig. 699). The pinnate microsporophylls, 10 cm. 
in length, resemble the leaves of Ferns, and the microsporangia resemble the 

sporangia of the Marattiaceae. The gynaeceum 
consists of numerous, long-stalked, atropoiis ovules 
which are surrounded and separated by scale leaves : 
the inicrosporophylls, however, open freely on the 
exterior. The ripe seeds contained a highly de- 
veloped dicotyledonous embryo and had no endo- 
sperm, They were protected and enclosed by the 
closely crowded outer ends of the scale leaves (Fig. 
600). Just as the Palaeozoic Pteridosperms com- 
bine the characters of Ferns and Gymnosperms, 
the flowers of the Mesozoic BenneMites or Cycade^ 
oidea show a combination of characters of Angio- 
sperms, Gymnosperms, and Ferns. 

True Araucarieae appear in the Jurassic ; 
on this account, as well as on account of their 
organisation, this group may be regarded as the 
oldest of the existing Coniferae. In the Wealden, 
Gycadineae and Giukgoineae along with some Coni- 
ferae were dominant among the Gymnospems., 
On passing to the Cretaceous strata the ancient 
types are found to be reduced, while the Coniferae 
become more niiinerous. Among the latter appear 
existing genera {Dammara, Sequoia, Pinus, Cedr us* Abies, Callitris, etc.). The 
Taxaceae also appear to be represented, but the remains are of uncertain affinity. 

The Tertiary Gymnosperms belong entirely to existing types and for the 
most part to existing species. The Coniferae are dominant ; the Giukgoineae 
are represented only by Ginkgo biloba, hut this occurred in Europe along with 
other species now limited to Eastern Asia or l^Torth America {Qryptomeria 
japonica, Taxodium distieimm, Sequoia gigantea, S. seTupcr'oirens, Pinus Strobtis, 
etc.). One Cycadaceous plant {EneephaXartos) is also known. 

Class II 

Angriospermae 

The long-disputed question as to whether the Monocotyledons or 
Dicotyledons are the more primitive is perhaps settled by the 
derivation of the Monocotyledons from the Polycarpicae among the 
Dicotyledons ; these exhibit features of agreement with Monocoty- 
ledons in floral construction, anatomical structure, and in morphological 
characters. On this account the. Monocotyledons will he placed after 
the Dicotyledons in the following systematic arrangement. 



Fig. 000. ■— Loiij^itudinal section 
of a fruit of Bennettites Gibson- 
ian us. (After Scott. ) 
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Any direct transition from Gymnosperms to Monocotyledons is 
thus out of the question while a relation of dicotyledonous })laiits to 
Gymnosperms is not excluded. The parallels and progressi^'e develop- 
ments that can be recognised in the male and female organs have been 
referred to above (p. 544 f .) ; there are also indications of the deriva- 
tion of the one group from the other in the construction of the 
flower as a whole. In attacking this problem Wettstein attempts 
to derive tiie simplest flowers of the Angiosperms from Gymnosperm 
inflorescences. 

A male flower with a single perianth and superposed stamens could he derived 
from a whorl of scale leaves with simple axillary male flowers. Since in male 
inllorescences of Ephedra single female flowers occasionally appear, it is possible 
that the female organs might become associated with the stamens. The proba- 
bility of such a transition is increased by the fact that insect -pollination has 
been observed in inflorescences of this kind. 

If the systematic arrangement of the Dicotyledons is based on this 
idea, the most simply constructed flowers would be those with one 
whorl of perianth segments and borne in catkins. Thus the 
Casuarinaceae, Juglandaceae, Betulaceae, Ulmaceae, etc., will he placed 
at the beginning of the system, and to them will be connected the 
other families with a simple perianth which are grouped together as 
Monochlamydeae. To these in turn may be connected the Dialypetalae, 
the flowers of which have both calyx and corolla. The forms with a 
gamopetalous corolla are separated as the Sympetalae, and the other 
Monochlamydeae and Dialypetalae contrasted with them as Chori- 
petalae ; the forms without perianth are grouped with the Choripetalae, 
Since within the Monochlamydeae various lines lead from forms with a 
simple perianth to tliose with a pentacyclic structure, any arrange- 
ment in a simple ascending series is impossible. Various parallel series 
lead from simple to highly organised floral structure, and similarly 
numerous parallel series are found in the Dialypetalae. Thus the 
natural or phylogenetic relationships can only be exhibited in an 
incomplete fashion in the following arrangement. 

In addition to this line of transition from Gymnosperms to 
Angiosperms another possibility has to be seriously considered ; this 
was pointed out a considerable time ago by H. Hallier. He treated 
the Polycarpicae, from which the Monocotyledons have been derived 
above, as the starting-point for the Dicotyledons generally. This view 
finds support in a biological observation of Diels (^^), who showed that 
both sonie South African species of Encepimlartos and some of the 
Polycarpicae are pollinated by beetles. Since tbe Coleoptera are the 
phylogeneticaliy oldest flower- visiting insects and appear as the 
pollinating agents in the oldest family of Gymnosperms, a similar age 
may be inferred for the Polycarpicae that are pollinated by beetles. 

The morphological construction of the flower of the Polycarpicae, with its 
spiral arrangement of all the floral , leaves, , presents resemblances to the greatly 
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elongated axis of the fiowets of Gymnosperms. The Gnetaceae, which are aLvO' 
treated by AV'kttstkik as a' connecting link between Gyrnnosperms and Angio- 
spernis, foresliadow in the androgynous inflorescence of Gnetum a flower like those 
of the Polycarpicae. Further, the Calycanthaceae, which are placed in the latter 
group, have an extensive sporogenoiis tissue in the nucellus such as is only known 
in some Gynmosperms, in Gasuariiui, and in Eosaceae, a family that is to be 
connected with the Calycanthaceae. 

The evidence for this second possible line of progression renders it 
as probable as the one first mentioned. Both regard the Gnetaceae 
as a transition family, and it is thus .conceivable that both lines of 
development have been followed in plant-evolution. The less highly 

organised Monochlamydeae would 
come in the manner indicated by 
Wettstein from Ephedra to Dico- 
- tyledons ; the Dialypetalae in the 

second way from Gnetim to the 
P^^^ycarpicae. So long as develop- 
mental and morphological evidence 
insufficient to establish a common 
origin of the two sets of Dicotyle- 
connection as sug- 
^y Hallier in the Hama- 
this double origin appears 
probable. 


;.:;";''Sub-Class''I., 

Dicotylae 

. The Bicotjdedons with few ex- 
ceptions possess a pair of seed- 
leaves. The distinction of by pogeal 
and epigeal germination has been 
described on p. 589. 

The stem has a circle of open 
vascular bundles, while the root 
on transverse section shows a regularly alternating am^angement of 
the xylem- and phloem-groups (cf. p. 136, Fig. 163). The meristem 
situated in the vascular bundles of the stem, or to the inner side of 
the phloem in the root, soon becomes completed across the medullary 
rays and forms a complete, meristematic ring. By means of this 
cambium a regular growth in thickness of the stem and root takes 
place. 

The typical form of leaf , found among Dicotyledons is provided 
with a longer or >shorber petiole, and often has a pair of stipules 
developed from tfe leaf-base ; a leaf-sheath is usually absent. The 
lamina may be simple or compound; the latter condition is always 


Fia. GOT.— Leaf or eVatoegrtis Avith reticulate, 
venation. (2 nat, size. After Noll,) 
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the result of lateral branching during the cleA’-elopinent of the leaf. 
The margin of the leaf presents considerable variety. The venation 
is as a rule reticulate (Fig. 601). 

The flowers in Dicotyledons ai’e typically pentamerous and penta- 
cyclicj but there are numerous exceptions to this. The floral fonnuhi 
in the most regularly constructed representatives is K5, C5, A5 + 5, 
D5. 

Series L Choripetalae 

A, Monochlamydeae 

The following orders 1-4 agree in the unisexualitj^ and anemo- 
phily of their flowers with simple uncoloured perianth. They include 
transitional forms from chalazogamy to poroganiy. 

Order 1. Juglandiflorae 

Family Juglandaceae. — Conspicuous, monoecious trees of the northern hemi- 
sphere with im pari pinnate, aromatic leaves arranged alternately. Stipules wanting. 

The Walnut, Juglans regia (Fig. 602), is the best-known re])resentative of the 
family. It is endemic in Western Asia and the eastern portion of the Mediter- 
ranean region, but the tree is in cultivation throughout Europe. In spring the 
axillary buds of the previous season produce long, thick, pendulous catkins bearing 
numerous flowers. , Each of the latter has 3-5 perianth segments, and these together 
with the two bracteoles are adherent to the bract and surround the numerous 
stamens, which face towards the tip of the inflorescence. The female flowers in 
smaller numbers are borne at the summit of. the young shoots. The two carpels 
terminate in large, feathery, diverging stigmas. The perigone is adherent to the 
braet and bracteoles and reaches to the summit of the inferior ovary. The single 
loculus encloses an atropous, basal ovule. Fruit, a drupe. The exoearp contains 
abundant tannin. The hard endocarp is divided into two valves in the plane 
of the dorsal sutures of the coherent carpels, the limits of which are indicated 
by the partial septum at the lower part of thb fruit. Within the stone is the 
embryo, enclosed in a thin seed -coat. The large cotyledons, which contain oil, 
are lobed in corresimndence with the false septa that project from the inner surface 
of the ovary, Endosperm wanting. Other species of Juglans and Oarya yield 
edible seeds and valuable timbers. 

Order 2. Quereiflorae 

Trees or shrubs usually with entire leaves and deciduous stipules. 
Monoecious. Flowers in .catkins. Ovary inferior ; ovules pendulous. 
Fruit, a one-seeded nut. Endosperm wanting. Anemophilous. This 
order includes most of our important forest-trees. 

Family 1. Betulaceae. — Male flowers adherent to the bracts. Ovary bilocular, 
with two long stigmas; a single, pendulous ovule in each loculus. Mainly 
distributed in the northern hemisphere, 

2 R - 
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Most important Genera. — Alnus ghitinosa, the Alder, is a proniinent tree 
of damp woods, and is also distributed in swnmps and by the banks of streams. 
The inflorescences are already evident in the autiinm as stalked catkins, the male 
lou^mand ])endulous, the female erect and short. IMale flowers P4, A4 ; a dichasinm 
of three flowers adherent to each bract (Fig, 603). The female floAvers are in 



Fm, GO'-L—Jiujlam regia. 1, Branch with young leaves, male catlcins an<l at tluj tip female flowers. 
2?, Male flower. S, Female flower. 4, Fruit with the outer layer of the pericarp in ])art 
removed. (-^ uat. size.) 


pairs, their bracteoles adhering to the bract to form the fivedobcd, persistent, 
woody scale of the cone. Alnus incana is distinguished by its leaves being grey 
and hairy below. JBetula verrucosa (Fig. 604), the Birch, has a white bark and long 
stalked, triangular leaves. When young, all the parts are covered with numerous 
glandular liairs which give the plant an aromatic, resinous odour. The male 
inflorescences are formed in the autumn of the previous year, singly or a few 
together, at the tip of shoots of unlimited; growth. Flowers P2, A2 ; in dicliasia 
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of fclirec, adlieroiit to tlie bract. Anthers deepl}^ biM (Fig. 604, y, ‘-i). Fcnaib; 
inflorescences solitary, at the apex of small, short shoots of the ciirrimt year, 
Fhnrevs in dichasia of three in relation to each three-lobed scale ; the larti.r is 
(•oniposed of the bract and the two adherent bracteoles. Fruits burne oii 
pendulous catkins ; winged. After the fruits are slied the scales of the catkin 
separate. Gifoyimis Betuhis^ the Hornbeam (Fig. 605), is an important forest-trta-.. 
The inflorescences appear in spring, tlie male, from axillary buds of the [u’evious 
year, eitlier wont leaves or are accompanied hy one or two, tlie female are usually 
terminal. The bract of the 
male catkin bears 4-10 
stamens, bilid to the base, 

Imt without bracteoles or 
peri gone. Two female 
flowers in relation to each 
bract ; each flov'er wdtli its 
sp)eeial bract and pair of 
bracteoles. The tliree latter 
unite to form a thi'ee-lobed 
involucre which serves as 
an aid to distribution of the 
fruit by the wind. Corylns 




Vu.iA)Q'ii,~-Al)UisiilutuioM, Dia- 
grams of the male and female 
llmver.s. !Jract7>; bracteoles 
a iS, a' a, j8,. (After 
Eichler.) 


Bho. &)4.~Jktuh%vemicom. 1, Branch with terminal male catkins 
and female catkins on small lateral branches, ii, I’^ernaie 
ilovver. S, Male flower. 4, Stamen, c, A. catkin in fruit, 
(>, Fruit, it and nat. size ; ‘2'h aiul o', enlargcl.) 


(m'Mayia^ the Hazel, develops its inflorescences in the preceding year. Tlie male 
catkins are freely exposed during the winter, 'while the female remain enclosed 
by the bud-scales, and only protrude their long red stigmas between the scales 
at the actual time of flowering. The male flower has no perianth but has a 
pair of bracteoles 'vvhicli are adherent to the bract, as are the four deeply bifid 
stamens. In the short female catkins a two-flowered dichasium is present in the 
axil of each bract as in Garpinus ; the fringed involucre also is derived from 
tlie coherent bracteoles and special bract of each flower. Gorylus tuhulosa from 
southern Europe. 

Family 2. Cupuliferae. — Inflorescences in the leaf axils, bearing 
male flow^'ers |.)rovided with a perianth, and female flowers one or 
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The inflorescences on shoots of the current year bear in some cases only male 
flowers, in others female flowers at the base and male flowers above. Flowers 


Fig. 008. — Diagrams of tiie female dichasia of : A, Castanea vuliiarls ; /?, Fagu, 
of tlie single flower of Quercuti peduncitlata, h. Bract ; a /3, hracteoles ; 
of the secondary flowers adherent to the cupule. (After Eichlkr.) 


grouped in dichasia. Female dichasia three-flowered (Fig. 608 A), so that three 
nuts come to he enclosed within the spiny ciipiilo, which splits into four valves. 
The Oaks, Quercus ;pnl‘unculata (Figs. 609, 610) and Qnercus sessiliflora, are tlie 

largest deciduous trees of European woods. 
Leaves oval, margins sinuately lobed. The 
f — • pendulous male inflorescences spring, at 

1 ! . T foliage is expanding, 

\ I ‘ ; 1 < from axillary buds of the shoot of the pre- 

/ ! ^ ^ ceding year or from the lowest buds of the 

shoot of the current year ; flowers solitary, 

■ Jj/ykS - ; I consisting of a perianth of 5-7 segments 

■ A ' and 6-12 short stamens. Female in fl ores - 

A® Fd /\ cences erect, few-flowered, in the axils of 
A- a"? f the upper leaves of the shoot of the current 

^ \ Flowers solitary ; in pedunm- 

I ; '{ y IcLtOr with long stalks, in Q. sessilifiora 

sessile. Each flower is invested by a cupule 
Fig. 609.— pwo’ciw pednmuUta, longitiidinal (Fig. 608 G), which is at first inconspicuous, 
section of the female flower. 6, The young developed on the ripe fruit, 

ciiimle; c, ovule; d, ovary; c, pengone; rm i \ „ A , ^ 

f, Btylfi; 0 , stigma. (After Beko and The Beech yields hrewood, tar, and 
Schmidt, magnified.) pyroligneous acid ; the Oak provides a 

valuable timber, a bark containing tannin 
used in tanning, and cork from the Cork-oak. 

O.FFICIAL.— The GALLS produced on the young twigs of Quercus 'mfedoria as a 
result of puncture by the Gall-wasp, Cynips tinctoria ; Tannic Acid is obtained 
from these. 


Order 3. Saliciflorae 


I’amily Salicaceae. — Trees and shrubs with simple, alternate, stipulate leaves. 
Flowers in dioecious catkins, usually developed before the leaves. Both male 
and female flo-^ers are naked and stand in the axils of bracts. More" or less 
developed scale-like development of the disc or floral receptacle. Ovary of two 
carpels, unilocular. Fruit, a capsule containing numerous, parietal seeds. Seeds 
without endosperm ; seed-coat with a tuft of hairs. , 
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This family is mainly represented in the north temperate zone. >SV/,76\ Willov;, 
and Popiilus^ Poplar, are the only genera, Salix has erect catkins and is adapted 
for pollination by insects ; in relation to this, nectar is secreted by small scales 
at the base of the flower. Male flo’wers scented; pollen sticky. The niiinber of 
stamens varies from 2 to 5 in the different species. Bracts entire (Fig. 611). 
Willows occur commonly by the banks of streams. Some species are among the 



Fui, mQ.~-Qu,ercu.s pedunciilaUt. A, FlOM^ering brancli ; B, a male tiowor (magnilied) ; C, stamens 
(magnified) ; D, a female flower (magnified) ; E, infructescence ; F, cupule ; (3-i/, seed. (After 
SCHIMFEB.) 


more abundant plants of high northern latitudes ; they have subterranean, creeping 
stems, only the young shoots projecting from the soil. Fopulus has anemophilous 
flowers ; disc cup-shaped ; no secretion of nectar. The long-stalked roundish leaves 
of the Poplars give them a different habit from the Willows. Flowers similar to 
those of Salix but with divided bracts. Catkins pendtijous (Fig. 612). 

Salicin is obtained from the bark of species of Salix and Popidus. 


2R2 
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Order 4. Urtieinae 


Herbaceous or woody plants 'with small, inconspicuous flowers 
closely aggregated in the inflorescence. Stamens equal in number 
to the leaves of the perigone and supei'posed on the latter. Ovary 
superior, composed of one or two carpels, 
usually unilocular, and containing a single, 
pendulous ovule. Fruit, a nut or drupe. Seeds 
usually containing endosperm. 

Family 1 . Ulmaceae. — XJlmm caw,pestris (Fig. 
613), the Elm, is a common European tree. The 
arrangement of the leaves on the sides of the twigs 
in two rows and the corresponding branching leads to 
the leaf surface exposed on each lateral branch making 
a definite angle with the main branch and composing 
the regular convex crown of foliage exhibited by older 




Fig. Cdl.'^SaUx viminaMs, J, 

Flowering male twig (nat. size). 

JB, Male flower with subtending 
bract (magnified). C, Female 
inflorescence. D-E, Female 
flowers (magnified). F, Fruit 
(nat. size). The same mag- Fig, 612 .— Fopulus nvjra. J, Male inflorescence. ; 
nilied. IT, Seed (maguified). inflorescence. S, Male flower. 4, Female flower, 
(After ScHiMPER.) 6 , Seed. (I, | nat. size ; 3 - 6 , enlarged.) 


Female 
4, Fruit. 


examples. The leaves are always; asymmetrical. The flowers stand in groups in 
the axils of the leaves of, the previous year ; they are hermaphrodite or, hy 
abortion, unisexual. The stamens are straight in the hud. The tree flowers 
in February or March and the fruits ripen before the leaves expand. The fruits 
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are broadly winged and adapted to be carried by the wdnd. U. montcma. U. effum 
are closely related forms. Several species of Cdtis^ in which the truit is a drupe, 
are in cultivation. 

Family 2. Moraeeae. — The majority are trees or shrubs with 



Pig. 613. — VUhuk amiJrsfrts (| nat. size)* h Brandi with flowers. 2, Branch- with fruits. 
Single flower^ enlargerl. 

abundant latex. Leaves alternate, stipules caducous. Flowers uni- 
sexual in globular or disc-sbaped inflorescences ; mostly tetramerous. 

Important Kepresentatives. — In addition to the Mulberry trees, of wdiich 
Morus alhcu is cultivated for the rearing of Silk-worms and M. nigra (Fig. 574 B) 
as a fruit-tree, the genus Ficus deserves special mention. The species occurring 
blithest north is the Common Fig(^®) {Ficus caricaj Fig. 614), which is endemic to 
the Mediterranean region, and has been long cultivated. It is a low tree with 
palmately incised leaves and stipules,, which. form a cap-like protection to the bud. 
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The inflorescences are liollow, pitcher-shaped structures with a narrow opening. 
The flowers are borne closely crowded together on the inner surface. The flat, 
disc-shaped inflorescences of Dorstenicb which bear the flowers on the upper surface 
are in many respects corresponding structures. On the distribution of the 
fruitlets cf. Goebel (^^). On the pollination, of the Fig cf. p. 556. The sweet, 
fleshy portion of the edible Fig is developed from the hollowed axis of the 
inflorescence together with the perigones of the individual flowers. The small, 
hard, seed-like bodies are the fruits developed from the ovaries of the small 
flowers. Some species of Fims are among the largest trees of tropical forests. 
The most remarkable is the Banyau {Ficus hengalensis), which occurs in the East 
Indies. The seeds, carried by fruit-eating birds, germinate on tbe branches of 
.• trees, where the plant develops as 

epiphyte. The proper form of 
/mi' ^ ■' ^ however, 

til ' lu \ L / after the roots have reached the 

(It ' A soil, and it is no longer dependent 

I 0^ scanty food supply obtain - 
Vi kX • T-'^/ D • I ^hle in the epiphytic position. The 

'*11 " f host- plant is gradually strangled, 

jj jjl additional roots are sent* down to 

s - ‘Jf 'Jt the soil and thicken into pillar- 

X Jf like supports, and ultimately a 

w" '' Ji /J'/VAto small wood capable of sheltering 

IKiiiM Vi\ entire village is developed 
A ^ jvff from the single small seedling, 

rl’ If \ ® latex of Fictis elastica is ob- 

U . fj C I ill B \S tained from the tree by making 

\-'l/ incisions in the bark, and serves 

r as one source of india-rubber. 

Fio. mrlou A, Longitudinal section of Castillod elastica is another im- 

an inflorescence. B, Fertile flower. 0, Gall-flower. ^ 

n Tir 1 « /n A r a 1 t- portaut ruDoer - tree or uentral 

D, Male flower. (jB-D, enlarged; £>, after Keener; \ . „ 

5, c, after Solms-Laubaoh.) Omcui.. America. The gigantic mflores- 

cences of species of Artocarpus 

when in fruit are eaten raw or cooked and form the Bread-fruit of the tropics. 

Official, — The fruits of earte. 

Family 3. Cannabinaceae. — ffumuhts lupulus, the Hop, is a native of central 
Europe ; it has a perennial rhizome, which annually produces a crop of twining 
shoots (Fig. 615). The stem and opposite leaves hear coarse hairs, and the former 
bears hooked prickles which prevent it slipping down the support. The male 
flowers of this dioecious plant are pentamerous, with straight stamens and grouped 
in.dichasia the central branches of which are capable of further growth. The 
branches of the female inflorescence are catkin-like, the scales being formed of 
the pairs of stipules belonging to bracts, the laminae of which are suppressed. 
The axillary shoob of the bract is also suppressed, but each stipule has two flowers 
in its axil ; each flower is enclosed by its own bract. These bracts project beyond 
the stipules when the inflorescence is mature, and give the latter its cone-like 
appearance. Upon them are developed the glandular hairs on account of which 
the Hop is cultivated. 

CaunaMs sativa, Indian Hemp, is an annual herb with palniately divided, hairy 
leaves, which ^re opposite below, and alternate in the upper portion of the shoot. 
The female inflorescence resembles that of the Hop, but the central shoot, which 
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in that plant is suppressed, grows out in the Hemp to a leaf}’- shoot. Only a single, 
ilower is present in the axil of each bract. The same process is repeated in the 
axil of each leaf of the leafy middle shoot, so that the whole female inliorest.’eiice 
is a repeatedly branched structure. The plant is utilised in Europe for its liast 
fibres, which are from one to several centimetres long. The glanduiar Indrs 
wliieli cover all parts of the female inflorescence secrete a sticky resinous substance 



Pio. 61o.-~Hwiiul'Us lupvJus. 1, Male inflorescence. Female inflorescence. 3, Two female 
flowers in the axil of a bract. 4, Cone-like inflorescences in fruit. (1 nat size.) 

which is used medicmally. In the East it is used in the preparation of a narcotic 
called Haschisch. 

Official. — Oannahis sativa provides cannabis indioa. 

Family 4. Urticaceae.— Perennial herbs or less commonly sbriibs. Leaves 
simple, stipulate. Flowers unisexual by suppression of parts, as a rule bimerous. 
P 2 + 2, A 2 + 2. Stamens inflexed in the bud, and scattering the pollen when they 
suddenly straighten. Ovary consisting of a single carpel, unilocular, with a basal, 
atropous ovule. Perianth of the female flower adherent. Flowers in dichasia, 
or crowTled in dorsi ventral inflorescences. Anemoifliilpus. Widely spread in the 
tropics. 

A number of the Urticaceae are characterised by the possession of stinging 
hairs (cf. Fig. 55), e.g. the common S.tingiug I^ettles, Urtica dioica and IT, urens, 
and the dangerous tropical species of Laportea, Some provide important fibres, 
especially Boehmeria nivea from which liamie fibre is obtained, and of less value, 
Urtica cannabma, and our native species of Urtica. 
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Orders 5-7 are isolated, and also have no evident connection with 
one another. 


Order 5. Lorantliiflorae 


Family 1. Santalaceae. — Green plants growings in the soil and partially 
parasitic on the roots of other plants from which their haustoria obtain nutrient 
materials. In Britain, Thesmm. 


Fig. 610 .— Vise If /ti alhum. With flowers and fruits. Q nat. size.) 


. Official. — Santalum album, the wood of which when distilled yields oleum 
J.KTALT. The wood is also of econoniic value. 

" Family 2, Loranthaceae. — Leafy semi- parasitic shrubs, living on the branches 
■ trees. They are most abundant in the tropics, and, for instance in South 
mkica, add to the beauty of the forest by their brightly coloured flowers. 

LoTomthus exiro;pa6us, on Oaks in Europe. In Britain Viscum album (Fig. 61 G), 
le Mistletoe, occurs as an evergreen parasite on a number of trees. It has opposite, 
)ovate leaves. Stem swollen at the nodes. The white berries are distributed by 
rds. The sucker, without a root-cap, emerging from the seed penetrates the 
u'tex of the host to the wood, into which it cannot growL Its tip is embedded in 
le now wood formed by the cambium of the host. Further gifb’wth in length 
sucker is effected by a zone corresponding in position to the cambium 
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Order 6. Polygoninae 

Family 1. Polygonaceae. — For the most part perennial herbs, with hollow 
stems swollen at the nodes, and alternate, simple leaves. The mem bra nous 
stipules of the latter are coherent to form a 
sheath or oghe,ea protecting the terminal bud ; 
when broken through by the growth of the stem, 
this remains as a tubular slieatli around the lo wer 
part of the internode (Fig. 617 ). 

Mainly natives of the FT. Temperate zone. 

Genera. — Rheiim^ Rhubarb. This- is an East 
Asiatic genus, with large, radical leaves and a large, 
spreading, paniculate inflorescence. Leaves simple, 
cordate-reniform, Avith palmate venation, sometimes 
more or less lobed. The flower has a perigone of 
tAAm similar Avhorls, and two whorls of stamens, the 
outer whorl being double by chorisis ; P3 + 3, 

A 6 + 3, G (3). Nectar for visiting insects is 
secreted by the large scales of the disc. The tri- 
angular ovary becomes Avinged as it develops into 
the fruit (Fig. 618). Species of Rhmim are culti- 
vated as ornamental plants and as vegetables. 

Jtimex acetosa, Sorrel, Avith sagittate leaves. The 
structure of the floAvers of the hermaphrodite 
species of llumex is sinular to that of Rheum, but 
the inner Avhorl of stamens is wanting. The 
species of Polygomom have a perigone consisting 
of five coloured leaves and a A^arying number of -Pm. 6i7.---Lcuif of 
stamens. The triangular fruits of Fago^rum 
csculentiim form Buckwheat (Fig. 571 R). 


Official. — The Rhizome of Rheu^t officinale, Rh. and probably 

other species yields radix rhei. 



A B OR 

Fig. QlS.—Kheim ojficinaie. A, Flower; P, the same cut through longitudinally; U, gynaeceuin 
with disc. Eheum conipaotum: D, fruit. (After Ijurssek, magnified.) 


Order 7. Piperinae 

Single family. Piperaceae.—Tlie genus is. important. Flowers as a rule 
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unisexual and wifclioiit perianth, as- 
sociated in spikes ; tyj)ica]]y.trimeroiis 
but usually reduced. Ovary unilocular, 
ovule solitary, basal and atropoiis. 
Fruit drupe-like. The embryo is em- 
bedded in a small endosperm sur- 
rounded by a well -developed peri- 
sperm. The vascular bundles are 
scattered in the cross-section of the 
stem resembling the arrangement in 
Monocotyledons, but with secondary 
thickening. 

nigrum, from which, the 
Peppers are derived, is the most 
important representative. This is a 
root-climber, native to the Malayan 
region, but now cultivated through- 
out the tropics (Fig. 619). The unripe 


i. 020.— -Pij/fr culcha. a, Infrnetescence ; b, a 
male flower; c, a female flower in longitudinal 
section; d, fruit in longitudinal section. Offi- 
cial. (After Berg and Schmipt.) 
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rruits ])i’oviclc black pepper, while white pepp»er is obtained from the ri [)0 IViilts 
after remov^al of the outer layers of the pericarp. 

OffjotaT/. — Pi'pcr Betle^ Piper nigrum and Piper cuheba (Fig. 620). Tlie latter 
is a, native of Java and is distinguished by the stalk-like base of the fruit from 
that of the Black Pepper. It provides cubebae fritctus. 

The orders 8-10 constitute parallel series leading from the simplest 
flowers to the Dialypetalae, but are not directly connected with one 
another. 

Order 8. Hamamelidinae 

This includes the two Families Hamamelxdaceae and Platanaceae. — Woody 
plants, with stipulate leaves. Flowers as a rule inconspicuous, without perianth, 
and anernophilous. Conspicuou.s, entoniophilous, flowers with a simple, or more 
rarely double, perianth also occur. Two carpels. 

Official.— -Styrax pRxIepauatus from Liquidamhar orknUdis. HAiMAMF.ruuis 
CORTEX and folia from Rammielis virginiana. 

Platanus orientalis and P. occidentedis are commonly planted as sliadc trees by 
the sides of streets. 

Order 9. Trieoeeae 


Family Euphorbiaeeae. — The plants belonging to the 
biaceae are of very diverse habit. The order includes herbs, 
leafless succulent 
plants, trees with nor- 
mal foliage, and others 
with scale leaves and 
assimilating phyllo- 
clades. The plants 
agree, how^ever, in pos- 
sessing unisexual, acti- 


Euphor- 
, shrubs, 



Fk;. (V21.— OvuIh of Enphorhia 
dio'iaa the obtnr'- 

ator 0 . (After Pax in 
Engler-Prantl.) 



Fia. 6*22 . — Mermirialis annua (h nat. si>ie). Male plant in 
If 0 wer and single male tlo wer. Portion of a female p lant, 
single female flower and fruit, Polwxocs, 


nomorphic flowers, wdth a simple perianth or with no trace of the 
latter. Androecium diplostemonous or stamens numerous. The 
female flowers are especially characterised by the superior, trilocular 
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. iS'2$.--Euph(yrhia Lathy ris. A, Cyatbium (x 5). B, Cyatliium cut tlirongb Inngitiidinally 
(X 7). C, Fruit after dehiscence showing the central column (c). D, Sef3d in longitudinal 
section showing the emhryo embedded in the endosperm ; ai, caruncula (x 4). (A-D after 
Batllon.) 


ovary formed of three carpels; in each loculus 
pendulous ovules with a ventral raphe, 
and the micropyie directed upwards 
and outwards. 

The micropyie is covered by a placental 
outgrowth called the obturator (Fig. 621) ; 
this assists in conducting and nourishing the 
pollen- tube, and disappears after fertilisation 
(cf, p. 573), The caeunctjla, which is formed - 

from the outer integument (Fig. 567 i?), 


l^ia. 624.— Diagram of a dichasial branch, of Buphor- 
hia, with three cyathia, only th^ middle One- of 
which has a fertile female fiow^ri . (After Eighler.) 


Fio. G25.—EnplwTbia resiuifem. (Nat. size. 
After Berg and Schmidt.) 
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])ersists on the other hand in the seed ; tlie separation of the latter iVoni 
placenta is assisted by it. The fruit is a capsule, the outer walls of which contraei: 
elastically aAvay from a central column, and thus open the loculi. 

The plants of this ianiily are distributed over the whole earth, I^ipofuTAXT 
Gexeua. — Many Euphorbiaceae are dioecious or monoecious, and hare llowers of 
relatively simple construction. Thus Mecurialis (Fig. 622), two species of which 



Fig. 020. — Mcinus communis, greatly reduced, (After Baillon.) Poisojous and Offtctal. 

occur in Britain, is characterised by its> bicarpellary ovary. Croton is a tropical 
genus including valuable official plants, G. EUuteria and G. Tiglmm ; the male 
(lowers have a double, the female flowers a single periantli. In the Spurges 
[Euphorhia), of which there are several British species, a number of the extremely 
simply constructed flowers are grouped in a complicated inflorescence termed a 
OYATiiiUM (Figs. 623-625). This consists of a naked, terminal, female flower, 
borne on a long bent stalk surrounded by a number of groups of male flowers. 
Each of the latter is stalked and consists of a :single stamen, the limit between 
whicli and the flower-stalk is distinguishablei In. some cases the female flower 
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aii<l oacli male Hower are provided with a small periantli. The whole cj^athiiim, 

• wliicli is till inflorescence, is always enclosed hy five iiivoliicral ])racts ; alternating 

with these are four nectar-secreting glands, 
the i)i’Gsence of which increases the likeness 
between the cyathin m and a flower. The fifth 
gland is w'anting, and the inverted female flower 
hangs down iii the gap thus left. Between the 
groups of male flowers which stand opposite 
to the bracts (Fig. 624) are branched hairs 
which are visible when the cyathiuin is cut 
through longitudinally (Fig. 623 J5). The 
cyathia are usually grouped in dichasia, and 
these in turn form an iimhellate inflorescence, 
with three to many branches. It often 
happens that the female flower is only de- 
veloped in some of the cyathia, remaining 
rudimentary in the othei’s. Many species of 
Eiiphorhia, especially the African species, are 
succulent-stenmied plants resembling Cacti in 
general appearance (Fig. 625). 

Euphorbia^ like many but not all the other 
plants of the family, contains a milky juice, 
which is secreted in non-septate latex-tubes. 
This juice, which in many cases is poisonous, 
exudes wherever the plant is wounded. 

An important constituent of the latex of 
species of Ilevm (iT. Sieb&riy discolor, rigidi-^ 
folia, paucifolia, lutca, guyanensis, Spruceana) 
is CAGUTCHOiJO (cf. A'’). As Para Rubber 
obtained in the tropics of South America, 
especially in the Amazon Region, this affords 
about one-half of the total rubber siippiy. In 
addition Manihoi another South 

American plant of this order, which yields 
Ceara Rubber, must be mentioned. A nearly 
related plant, Mtmihot utilissima, provides in 
its tuberous roots a very iniportant food in 
the tropics. The starch obtained from these 
roots forms mandioc or cassava meal, the finest 
varieties of which, as tapioca or Brazilian 
aiTOwroot, are of commercial importance. 
The shrub, which is a native of Brazil, is now 
cultivated throughout the trojncs. 

luieimis communis (Fig. 626) is a tall shrub 
of tropical Africa. In our climate it is annually 
killed by the frost. The hollow stem bears 
large palmately -divided leaves. The terminal inflorescences (Fig. 627) are over- 
topped ])y vegetative lateral branches. The male flowers, situated towards the 
base, have a membranous calyx of 4-5 sepals, enclosing the branched stamens ; 
the end of each branch bears a theca. The female flowers, nearer the summit of 
the inflorescence, have 3-6 sepals and- a lai*ge tripartite ovary. The latter is 



Pin. Q2*I,'~~Jtlcinvs commuim. Inflor- 
escence (I- iiat. size) ; young fi’Uit cut 
tlirough loiigitudmally. Official* 
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covered with warty prickles, and bears three large, bilid, red stigmas. Im eacli 
loculus of the fruit is a mottled seed with a whitish caruncula. 

Official,. — Croton Eleiiteria (Bahamas) yields casc A uilla. Q. Uglimn (Easi: 
Indies), oleum ciio'i'oNis. Oleum iiioiei, Castor Oil, i.s obtained from Eidnvs 
communis. 

Order 10. Centrospermae 

Plants with as a rule hermaphrodite flowers which approximate to 
the typical dicotyledonous flower. 

Family 1. Ciienopodiaeeae.— Perennial or annual herbs, rarely 
small woody plants, with alternate leaves. Flowers typically 
peutamerous, with a single whorl in both perigone and androecium ; 
P 5, A 5, G (2-5). Stamens opposite the perianth leaves. Eeduced, 
unisexual flotvers are not infrequent. The unilocular ovary contains 
a basal, campylotropous ovule. Fruit, a nut. Seed with a curved 
embryo bent around the floury perisperm. 

Many of the Ciienopodiaeeae are strand plants or occur oiv soils containing a 
large amount of salt, such as the great Asiatic salt steppes and deserts. The 
Spinach {Spmacia oleracm) and the Summer Spinach (S. glabra) sly e used as vege- 
tables. The Sugar Beet {Beta 'GulgariSy ^scY, ra;pa) is a plant of great economic 
importance. It is a biennial plant, and in the first season forms a thick, swollen 
root bearing a bud consisting of a number of thick-stalked, entire, succulent, and 
often crisped leaves. From this rosette of leaves there springs in the second season 
a highly branched panicle, bearing the inconspicuous greenish flowers. Ovary 
formed of three carpels. At the end of the first season the root contains cane-sugar 
as a reserve material, which at this stage is extracted from the plant. By constant 
selection the percentage of sugar is raised from 7-8 % to an average of 14 % ; it may, 
however, reach 21-26 %. The original form of the Sugar Beet is Beta patula. 
Ohenopodium and Atriplex are common weeds near human dwellings. 

Family 2. Caryophyllaeeae.— Annual or perennial herbs, with 
simple, linear, usually opposite leaves ; flowers typically peutamerous, 
with cbIjx and corolla. Two whorls of stamens, ohdiplostemonous. 
Unilocular or incompletely septate ovary. K 5, 0 5, A 5 + 5, G (5) 
(Fig. 630). Fruit, a capsule. Seeds numerous, embryo curved around 
the floury perisperm. 

Ccrastmm and Stellaria have white flowers and bifid petals, and are conspicuous, 
early-flowering forms. Species of DianthuSi Pinks, have frequently attractive 
colours and scent, and occur in dry sunny .situations. Agrostermna Githago 
(Fig. 628), Corn-cockle, is a hairy plant with pink flowers ; it is a common weed 
in corn-fields. Since its seeds are poisonous, their mixture with the grain may have 
serious results. Sapmaria officinalis is a herb attaining the height of a metre, 
with opposite, broad leaves and rose-coloured flowers. The saponin contained 
in ail parts of the plant renders it poisonous (Fig. 629), 

Family 8. Aizoaceae. Perennial herbs or small shrubs, usually with suc- 
culent leaves. Flowers hermaphrodite ; with simple perianth or with a calyx and 
a polypetalous corolla derived from modified stamens. Stamens numerous. Carpels 
2-00 ; united to form the hygroscopic capsule. 

2 S 1 
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Aerophytic plants of hot coinitries^ a large genus, 

especially in Africa. 

Family 4. Cactaceae.— For the most xiart leafless plants with succulent sterns, 
natives of America. In size they range from very small to gigantic form s. FI owers 



BTg. i’i'2S.~~A{jrostevvma Gitluujo. Flowering- shoot and fruit (i nat. size). lUjiauyovs. 

hermaphrodite, actinomorphic, less commonly dorsiventral. Perianth of imiriy 
members, spirally arranged and showing a gradual transition from the calyx to the 
corolla. Stamens and carpels numerous. Ovary inferior, unilocular, with numerous 
parietal placentas. Ovules with long stalks. Fruit, a berry, the succulent tissue 
being largely derived from the stalks of the seeds. 

PeiresMa and some species of Opuntia possess leaves. Other species of Opuntia 
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have fiattened branoiies (Fig. 197). Gerews (Fig. 631), ?JGhmocaofms, withw^^ 
ridges on the stem ; Mmnmil' 
has free projections (ma- 

millae). The- numerous groups. I '' 

of spines on the shoots, ribs, or ^ 

separate niamillae correspond 

to axillary shoots, the, sub tend- jg 

ing leaves, of .•which are re- • j Mw ^ 

duced, while the leaves of the 

expanded axis of the axillary '''' 

shoot are metamorphosed into 

spines (Fig. ,631). ' 

Oactaceae form a dominant 

constituent of the vegetation vi "l-'i 

in the dry south-western re- ' \ I jd 

gioiis of the United States and 1 g 

in Mexico. They are also widely * 

distributed in the West Indies* -t \ 

and South America. A similar 

habit is found in some Euphor- 

biaceae and Asclepiadaceae 

living under corresponding 

climatic conditions (cf. p. 174). *8 

There are numerous epiphytic v i 

Oactaceae, especially species of tiV*.. f| 1 

Bhipsalis, Epi-phyllum, and i Ai 

Phyllocactus, which clothe the \^tX ^ k 

branches of trees and alfect 

the general aspect of the vege- ^ 

tation. Opuntia Jims indica 

has become naturalised in the ^ 

Mediterranean region. The ^ 

fruits of this species and of :W- . m ^ \ 

others of the genus are edible, :f ^ 

and the plants are cultivated J V A 

as fruit-trees. Some Oactaceae, W 9 ' 

such as Anhalonium, contain ^ 

highly poisonous alkaloids and Fig. (}'2d,—Saponaria offimmHs Q nat. size). Poiso.\ouis, 
saponin. The Cochineal in- 
sect is grown upon species of and iVopi3^/e<x 


B. Dialypetalae 


Flowers with calyx and corolla. 


Order 11. Polyearpieae 

Hermaphrodite, usually brightly coloured flowers, with an elongated 
receptacle on which the free perianth segments, the stamens and the 
apocarpous carpels are spirally arranged ; the carpels are indefinite in 
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number and may be very numerous. The separation of calyx and 
corolla is frequently indistinct, and in sonie cases {e.fj, Calycantlivn) 
even the foliage leaves pass with their spiral arrangement into the 
bracts of the flower. The stamens have frequently a leaf-like form 
with the connective continued beyond the anthers, or forming a leafy 
expansion. The stigma terminates the carpel without a definite style. 
The pollination is by means of* insects ; in some primitive forms by 


f 



Fjo. 630.- Diagrams of the Caryo- 
phyllacoae. A, Viscaria, septa 
present in the lower part of the 
ovfu’y, B, Silene, septa absent. 
(After Ei'ohler.) 


Pig.' 631 . — Cemis geo'inetHzana, Two of the ribs 
ridges of a five-ribbed stem hearhig flowers and fruits 
(I iiat. size). 


beetles. The structure of the wood in some cases approaches that of 
the Ooniferae. 

The simplest Monocotyledons {Eelobiae) exhibit an unmistakable 
relationship to this order ; they agree in the numerous stamens and 
the apocarpous pistil. It is, however, to be noted that by no 
all the plants of the families united in this order exliibit the abo 
characters in the same degree. The characteristic features may 
indeed be completely wanting, though the existence of intermediate 
forms leaves no doubt that the genera in question must he classed hei*e. 

Family 1. Nympliaeaceae. — Aquatic plants with submerged or floating leaves, 
the latter often of very large size ; the vegetativ 
indicate a relationship with the Papaveraceae (Fi^i 
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Mymphaea alba, the White Water Lily (Figs. 632, 633), has large lioating leaves 
and white flowers, protected by firm green sepals. Within the corolla comes rije 



Pig. <dBi!.,—N'iinipIutea cdba (i nat. size.) The spiral aiTaiigeinent of the stainerjs and petals 
is shown by their insertions on the ovary to the left 


zone of numerous stamens and the inferior ovary composed of numerous, coherent 
carpels. The spiral arrangement of the members of the perianth and androecium 



Fkv G33. ^NiiniTlumL 634.^-^*!, Floral diagram. B, Fruit ot Calwviha aquatic 

Floral diagram. (After showing two carpels developed as partial fruits, (x 4 

Noll.) -A-tter Baillon.) , 


ia seen by t!ie soars of their iusertion when they are removed from the inferior 
ovary (Fig. 632), and in the floral diagram, (Fig. 633). In mqyhar the ovary is 
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end. 


superior and the siiiall petals bear nectaries ; tlie conspicuous calyx renders the flower 
attractive. In the American genus Cabomha i^ig, 634) the flowers are trimerous and 

the pistil is apocarpous. The finely divided, sub- 
sa.sd\. merged leaves differ in appearance from the entire, 
floating leaves. The carpels are also free in Nelum- 
Mum, both the leaves and flowers of which are 
raised above the surface of the water. ViGtoria 
regia from the Amazon, and Euryale ferox from 
tropical Asia, have gigantic floating leaves ; they 
are often cultivated in Botanic Gardens. The 
flowers of the former are beetle-pollinated, while 
the latter is autogamous. 

Family 2. Magnoliaceae, — The plants of this 
family are all woody with large terminal flowers. 
The perianth leaves without distinction into sepals 
and petals, the numerous stamens and the apocarpous carpels are all sjfirally 
arranged in ascending order on the elongated floral axis. The stigma terminates 
the carpel without inter- 



Fio. 635. — Myristim. Transverse 
section of seed, sa, sch., Seed- 
coat ; end, endosperm ; pe, peri- 
sperm. Official. 



vening style. Oil-cells m 
the stem and leaves. 

Pollen - grains with one 
germ -pore are character- 
istic of the family. Dr imys 
and Zygogynum have wood 
without vessels, like the 
Coniferae. Magnolia and 
Liriodendron (Tulip tree) 
are frequently cultivated. 

Official. — A nisi 

STELLATI FRUCTUS, Star- 
anise, is obtained from 
Illicium rerum (China). 

The fruits of Illicium re> 
ligiosum (Japan) are poison- 
ous. 

Family 3. Anonaceae. 

— Woody plants of the 
tropics, with .spirally ar- 
ranged stamens and apo- 
carpous gynaeceum ; seeds 
with ruminated endosperm. 

Family 4. Myristica- 
ceae. — Resembles the pre- 
ceding family, but the 
dioecious flowers are more 
simply constructed (Figs. 

635, 636). 

Official. — Myri s- 
TiCA, Nutmeg. The seed 
ot Myristim fragrans divested of its testa. 

Family 5. Calycanthaceae. — These plants show a continuous sequence from 


Fig. 636.— -Jl/j/nsiica fragrcms, I, Twip’ with male flowers (A nat. 
size), Ripe pendulous fruit opening, ii, Fruit after re- 
moval of one-half of the pericarp, showing the dark brown 
see4 surrounded by the ru])tared arillus, 4, Kernel freed 
froni the seed-coat. Official. 
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tiie foliage leaves to the numerous free perianth leaves, stamens, and carpels borne 
on tlie depressed floral axis. The connection of the Rosaceae ma}-' perhaps he here. 


Family 6.. Ranuneulaeeae.— The.; plants- belonging to this'familj 
are'^anniml herbs {Myosiims)^ more commonly perennial herbs (Caltlia) 
or rarely woody plants (species of Faeonia) with alternate, exstipulate 
leaves. Flowers hermaphrodite, the members in many cases arranged 



Fig. (537. —Floral diagrams of Raininculaceae. n, Adonis cmtumiialis. I), Aco7nti(m napeUus. 
C, Aquilegia vulgaris. D, Cimidfuga 7'aeey/iosa. (After Eichlee.) 


spirally; this is very evident in Myosums. Perianth either forming 
a simple or double perigone or differentiated into calyx 

and corolla (Ranunmlus). Stamens indefinite. Pollen-grains with at 
least three places of exit for the pollen- tubes. Carpels three to 
indefinite, borne on the convex receptacle (Fig. G38), and forming an 
apocarpous, superior ovary. Ovules, borne on the ventral suture, 




Fig. ms.— a, Flower of Banimculus sceleratus ; h, the same, cut through lougitudinally ; 
magnified. (After Baillon.) 


singly oi‘ .in numbers. The partial fruits are follicles (Faeonia^ 
aclienes {Anemone), or berries {Hydrastis). Seed tvith a small embryo 
enclosed within the large, oily endosperm. 

Important O-iiiNEiiA. — Many of our commonest meadow and woodland plants 
belong to this order. They are all in greater or less degree poisonous. A nimiher 
of species of Jlammciblus, characterised by the usually yellow floAvers, convex 
receptacle, and fruit composed of numerous free achenes, occur in Britain. The 
petals have a nectary at the base. Leaves palmately divided more or less deeply. 
R. sceleratu!^ is very poisonous (Figs. 63,8, 639)., R. armnsis with large, spiny 





Fig. G41 . — Aneimne Pulsatilla nat. size). PoiSONOUH. 
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F 1 G . G iO. — Il(i nunruh' s 
artumsU, Carpel in 
longitudinal section. 
tEiilarged. After 

llMLt.ON.) 
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aclienes or nutlets (Fig. 640). The aquatic species of Jlan'miciibis, belonging to 
the section Batrachium, are often heterophyllous (Fig. 35), the floating leaves 
serving to support the flowers above the surface of the water. 

Species of Anemone are also widely distributed in Europe. A. ncmorostc occurs 
commonly in woods and is one of our early spring flowers. It has a horizontal/ 

subterranean rhizome, wliicli 
terminates in *a flower, the 
further growth of the plant 
being carried on by a lateral 
shoot. Perianth simple, 
petaloid. All species of 
Anemone have, at a greater 
or less distance from the 
perianth, a whorl of, usually, 
three 1 e ave s forming an i n - 
volucre (Fig. 641). In A. 
hepatiea this stands just 
below the perianth and thus 
resembles a calyx. All the 
species are to some extent 
poisonous, especially , A. 
Pulsatilla (Fig. 641). The 
plants of the genus 
are mostly woody and differ 
from other Ranunculaceae 
in having opposite leaves. 
'Many species are cultivated. 
G. vitalba is one of our few 
native lianes. The achenes 
of the species of Clematis 
and of many kinds of 
Anemone are' provided with 
hairy or feathery append- 
ages, which facilitate their 
distribution by the wind. 
Qaltha palustris, the Marsh 
Marigold (Fig. 642), is one 
of the most conspicuous 
spring flowers in damp 
meadows. Perianth simple, 
bright yellow. Leaves cor- 
PiG. C42.--C'aZ?/ia i^aZ'wsiris (I nat. size). Potsonous. tjate or roniform, short- 

stalked, with erect sheath- 
ing base. Fruit, as in the species of that flower in the winter, composed 

of follicles. The Monkshood {Aeonitum na^pellus) (Figs. 643, 644) is a stately 
perennial herb with underground tubers and occurs most commonly in alpine 
meadows. The leaves are palmately divided, the segments being in turn pinnately 
lobed. Inflorescence a dense raceme, reinforced by lateral inflorescences standing 
in the axils of the upper leaves. Flowers zygomorphic. One of the five dark- 
blue sepals is helmet-shaped, and protects two long-stalked, tubular, two-lipped 
nectaries, which correspond to petals. The remaining petals are wanting or are 
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reduced to inconspicuous, narrow structures. Aconitum Lycoctonum lia; 


. 64:-i.-~Aeonitwfii napdhis (riat. Flower saen obliquely tVoin in 

front. Flower in longitudinal section. J, Tlie nectaries, forniefl from 
petals, and the androeciuin after the perigone has been remoN'ed. 4, y^Yuit 
composed of three apocarpous carpels. 4, Follicles opened. 


Fig. CA3.—Ac<mitu)n napellus (|- nat. size). Official and Poisosoua. 


yellow iiowers of similar construction. All the species are poisonous. Aquikyia. 
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I)elj)hi%ium , and Paeonia are favourite ornamental plants with showy fimvers. 
In Actaea and Hijdrastis the fruit is a berry. 

Official. — Aconiti radix is obtained from Aconitum napelliLs. Staph is- 
ACRt AE sKM r NA fi’oin Deljihinium sfaphisagria. Hydrastis rhizoma from the Xortlj 

• Americ/dn Hydrastis Ccf nade/i - 

s^'s (Fig. 645), a perennial herb 
which sends its subaerial 
sho.ots up from the subter- 
ranean rhizome ; the base of 
the shoot has keeled scale- 
leaves ; in two ranks. The 
flowers are solitary and ter- 
minate the shoots, each of 
which bearstwo foliage leaves. 
The simple white perianth 
falls when the flower opens. 
The aiidroecium and the apo- 
carpous gynaeeeum consist of 
numerous members. The fruit 
consists of numerous, small 
berries, each of which in- 
cludes 1-2 seeds. The alka- 
loid HYDKASTiNE IS obtained 
from the rhizome. 

The further families of tlie 
Polycarpicae show a limita- 
tion to three in the whorls of 
the simple, or more usually 
double, perianth and of the 
stamens. 

Family 7. Berberidaceae 
has only one carpel, while there 
are three carpels in Family 8, 
Menispermaceae. liiBerberis 
mdgaris the leaves on the 
shoots of unlimited growth 
ax'e transformed into spines. 

Official. — Pqdophylli 
KHizoM A obtained from the 
N. American Berberidaeeous 
plant, Podophyllum peUa~ 
turn (Fig, P. emodi, 

Berberis Arisiata, Oalumbae 
RADIX from the twining 

Menispermaceous plsiiit Jateorhiza columba. 

Family 9. Lauraceae. — Flower also composed of trimerons Avhorls ; perianth 
3-1-3; stamens 3+3. The three stigmas of the single, one-seeded pistil indicate 

its origin from three coherent carpels. Fruit, a berry or drupe. Anthers vah'ate. 

Aromatic trees or shrubs with entire leathery leaves, which usually persist for 
several seasons. Only Sassafras (Fig. 647), which has three-lobed leaves as \vell 
as simple ones, sheds its foliage annually. Laurus oiobiUs^ the Laurel, is a 


Pio. e4 '». — Kydmsth eamdensis (I nat. size). The a]) 0 (‘arpous 
fruit to the 'left. Official, 
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dioecious, es^ergreeii tree of the Mediterriinean region, which was well, known in 
the early period of the Grecian civilisation ; it is frequently grown in cool green- 
houses (Figs. 649, 650). Large plantations are giwvn at the Lake of Garda, where 
the oil is extracted, and here the trees ripen their oval, blackish- blue drupes in 
October. Tiie gemis, Cinnamomum includes a number of econoinicaliy important 
trees such as the Camphor tree from Japan and China and the Cinnamon tree from 
China and Ceylon. The latter is a stately evergreen with smooth, leathery leaves 
and inconspicuous, greenish flowers in axillary inflorescences. Persea gratissima 
(Fig. 048) is a native of tropical Mexico, and is frequently cultivated as a fruit 
tree in the tropics. Its fruit is known as the Avocado Pear. Species of Gccssyiha, 



the only genus of the family including herbaceous species, occur througbout the 
tropics as parasites resembling Qiiscuta. 

Official. — C amphora, Cami)bor, is obtained from Omnamom-um Oamphom. 
CiNNAMOMi CORTEX and OLEUM oiNNAMoMi from CinnamomiOfU zeyltmicnm. 
Cinnamomum Oliveri. 

Family 10. Aristolochiaceae.—The zygomorphic flowers (Fig. 534) have a 
simple coherent perianth and the androeciiim and gynaeceiim united to form a 
gynostemium. Official. — Ariatolochia serpentariai A. reticulata. 

The parasitic Eafilesiaceae and the insectivorous families of the Cephalotaceae, 
Sarraceniaceae, Nepenthaceae and Droseraceae may best be placed with the 
Polycarpicae. 

Ordep 12. Rhoeadinae 

Herbs, or more rarely shrubs, with alternate, exstipulate leaves. 
Flowers hermaphrodite, cyclic ; whorls usually bimerous. Ovary 
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superior, unilocular. Placentas on the 
united margins of the carpels, project- 
ing more or less into the cavity (Fig. 
651). Stigmas commisural, i.e, situated 
immediately over the sutures. Dehis- 
cence of the fruit by separation of the 
middle portions of the carpels from the 
persistent placentas. 

Family 1. Papaveraceae.— This family con- 
nects the order to the Polycarpicae by such 
characters as the presence of laticiferons tubes 


Fio. 648. — Floral diagram of 
(After Bichleu.) 



>‘ 4 / 


Fig. 0i9,—Laurus nobilis with male 
flowers, (i- nat. size.) 


Fig. 650 . — Laurus nobilis with fruits. 
(-^ nat. size.) 

m. 
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(ISTynipliaeaceae), occurrence of trimerous flowers in Booconca (Berberidaceae), the 
stigmas situated directly above the carpels and the occasional occurrence of an apo- 
carpous gynaeeeum (e.f/. JPlaty- 
stemon). The increase in number 
of stamens is brought about by 
chorisis ; they are cyclic. The 
seeds have abundant endosperm. 

Chclidonium majus, Celandine, 
has yellow latex and a bicar- 
pellary ovary. A number, of 
species of BsahoUzia, Argcmone, 
and Fapa.'Ver are cultivated as 
ornamental plants. Bapaver 
Rhoeas, the Poppy (Fig. 652), 
is a common weed in corn-fields 
or dry meadows. The bent posi- 
tion of the flower-bud is char- 
acteristic of many Papaveraceae, 

Fapaver sovinjferum^ which is of 
oriental origin, has abundant 
white latex. The plant has a 


Fig. 651. — Floral diagram of Glaucium 
(Papaveraceae). (After Eichleb.) 


Pig. 653. —Floral diagram of Corydrdis 
cava. (After Eioheer.) At the 
base of the stamen standing above 
the spur is a nectary. Fig. 652. — PapavcT Jlhoeas. (1- nat. size.) Official. 

glaucous bloom, and, except on the flower-stalks, which bear a few bristly hairs, 
is glabrous. Leaves sessile, margin irregularly serrate or lobed. Petals violet or 
white with a dark patch at the base. Ovary unilocular, incompletely septate by 
the projection inwards of the. numerous placentas. Fruit ripens erect on the 
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pedLm{3]e. In Paimver tlie separation of the central j)ortion of each carpel rr<jni 
the placentas at dehiscence is limited to the tips of the carpels. These portions I'eiid 
outwards just below the flat stigniatic expansion, and the Iddney-shaped seeds are 


eamilie 



Fig. G5i.— Cruciferae. 
Floral diagram (Bmssica). 



Fig. 655. — Cardamim ‘praUnsl^. Flower with 
perianth removed, (x 4. After BAfLLON.) 


thrown! out of the small openings when the capsule, borne on its long stalk, is 
moved by the wind. 

Official. — Papaver somniferum, the Opium Poppy, yields paf averts oapsulae 
and OPIUM. Paimmr Mhoeas yields rhoeabos petala. 

Pamily 2, Fumariaceae. — This small family is of interest on account of the 



Fig. 650, —Cruciferous fruits. A, CheiranfJius cheiri ; B, Lepidnm sativum ; C, Copsella Uirsa 
pastoHs; D, Luna via Hennis, showing the septum after the carpels have fallen away. 
E, Cranihe maritima. (After Baillon.) 


ocourreiice of transversely zygomorphic flow'ers in Gorydalis (Fig. 653) and a 
bi-symmetrical corolla wdth two spurs in JDicentra spectabilis. The fruits are 
nutlets in Fumaria and capsules in Gorydalis and Dicentra. Seeds with endosperm. 

Family 3. Cpueiferae ( 2 ^). — This family is mainly distributed in 
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the northei’ii hemisphere. Annual, biennial, or perennial herbs 
without milky juice. Inflorescence racemose, usually without bracts 
or bracteoles. Flowers actinomorpbic, always lateral, composed of 
bimerous whorls. Floral 
formula, K 2 + 2, C 4, A 2 + 4, 

. G (2) (Fig. 654). The outer 
whorl of sepals stands in the 
median plane ; the four petals 
alternate with the sepals. The 
two outer stamens are shorter 
than the four inner ones 
which stand in the median 
plane. The latter correspond 


Fig. G57. — Transverse section of the seed 
of Brass k'a nigra, rad, radicle ; cot, 
cotyledons; pvoc, vasculai’ bundles. 
(After MoTwLer.) 


1 JB 

Fig. 658.— Seeds of Cruciferae cut across 
to show the radicle and cotyledons. 

A, Cheiranthns clteiH(x S)’, B,Sisym- Fig. i!)59.—Bras(>iGa nigra, (-^-nat. size.) 

hriumalUaria(x'7). (After Baillon.) Official. 

to two stamens branched to the base. The carpels form a superior, 
usually pod-like, ovary, which is divided into two chambers by a 
false septum stretching between the parietal placentas (Fig. 656 D). 
The fruit opens by the separation from below upwards of the main 
portion of each carpel, leaving the seeds attached by their stalks to 
the central portion formed by the placentas together with the false 
septum. Rarely the fruit is indehiscent {e.g. Isatis). Embryo 
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curv^ecl ]{lndosperm wanting or reduced to a single layer of cells 

coherent with the seed -^^^at (Figs. 657, 658). 

, 4 ' ' 

Tiie number of specit-T^jid their abundance make the Criiciferae one of our 
most important native families of flowering plants. Their brightly coloured, 
mostly yellow flowers render them conspicuous in various situations and at all 
periods of the year. The nectaries, which are borne on the receptacle at the base 
of the stamens, also show that the flowers are entomophilous. The family includes 
a number of economic plants 
and others cultivated for 
their flowers. 

Ohcirantlius Cheiri, the 
Wallflower (Figs. 656 A, 

658 A), McUthiolay the 
Stock, Kuinerous species 
of Brassica have been long 
in cultivation ; B. oUracea, 
the Wild Cabbage, in its 
various forms — {a) sylmstris, 
wdiich occurs on the coasts 
of Northern Europe and is 
to be regarded as the wild 
form ; {b) aceiohala, Borecole 
or Kale ; (o) gonglyodcs, 

Turnip - rooted Cabbage ; 

{d) gemmifera^ Brussels 
Sprouts; {e) saba'uda, 

Savoys ; (/) capitatdf the 
Cabbage ; {g) boir-ijUs^ Cauli- 
flower and Broccoli. Bras- 
sica ca))ipestriSf with the 
cultivated forms — (a) 
annua, {h) oleifera, (c) ra’pi- 
fera. Brassica napus, the 
Turnip — (a) anmia, (b) olei~ 
fera, {c) napobrassica. Bras- 
sica nigra, Black Mustard 
(Figs. 657, 659), an annual 
plant derived from the 
eastern Mediterranean 
region, was cultivated even 

in ancient times. The radical leaves are long-stalked and lyi’ate with rounded 
terminal lobes ; on ascending the copiously-branched stem they become lanceolate 
and gradually smaller. The plant is glabrous except for some bristly hairs on the 
upper surface of the leaf. Inflorescence a raceme ; the bright yellow flo-wers stand 
out from the main axis, while the developing fruits are erect and applied to the 
axis. Sinapis alba, White Mustard, is a hairy plant, distinguishable from the Black 
Mustard by the long broadly- beaked fruits, the valves of which bear coarse bristly 
hairs. The fruits project from the axis of the inflorescence. The seeds are 
yellowish - white and twice as large as those of Brassica nigra. . Anastatica 
hierochuntiea, Rose of Jericho, is an annual desert plant of N. Africa characterised 



Fig. Q'oQ.—Capjpiiris spinom. Flowering branch and a young 
fruit borne on the gynopboi-e. (^- nat. size.) 
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by the hygroscopic momnents of its branches (ef. p. 333). Oramhe (Fig. 656 A), 
with tlie lower portion of the siliqua sterile, and QaJdle are thick-leaved, btraiid 
plants. JxcqyJianus sativus, the Radish. Vesicaria, Auhrictia, Dr aba, Lunaria 
(Fig. 656 D). Ouchlearia ojficinalis, Scxivvy Grass. KropMla, IhcHs with somewhat 
zygomorphic iiowers. Capsella bursa 2 '^^Aoris, Sliepherd’s purse (Fig. 656 0). 
Isciti^ tinctoria, Y’oad. 

Official. — Sinapxs kigkae semina, from Brassica nigra. Aiarop.ACiAE 
jiADix, from Cochlearia Arinoracia. 

Family 4. Capparidaceae .’ — Capparis spinosa is a small shrub occurring on 
rocky ground in the Mediterranean region. Tbe leaves are simple with short, 
recurved, spiny stipules. The actinoinorphic flowers are axillary and solitary ; the 
androecium by chorisis consists of numerous members. In this respect and in tlie 
presence of a gynophore which raises tbe pistil above the rest of the flower (Fig. 
660), there are differences from the Cruoiferae. The fruit is a berry which reaches 
the size of a plum and contains numerous seeds. Capers are prepared from tlie 
young flower buds. ' , . 

Order 13. Cistiflorae 

Tlie plants belonging to this order are characterised by their usually regular, 
pentamerous flowers ; the stamens are increased in number by chorisis, or when 



Ficj. 662. — Floral diagram Fig, 663 . — Thea ekinensis. Flowering hlioot 

of Fiola. (After Noll.) (g nat. size) ; fruit and seed. 


the .separation of the branches is incomplete they form distinct bundles; the 
superior ovary is usually trimerous. , 
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Family 1. Cistaceae. — Peiitamerous, regular flowers, with minierons staiuens 
and three to live carpels united to form a unilocular or multilocular ovary with a 
single style and parietal placentas. In Britain the K,ock Rose {lleliannieinji tn. 
vul(jare) (Fig. 661). i\Iany species of Ciatus are characteristic shrubs of the vegeta- 
tion of the Mediterranean region. 

Family 2. Violaceae. — Distinguished by dorsi ventral flowers with only five 
stamens. Ovary unilocular with a simple style. The flowers have the anterior petal 
prolonged backwards as a spur, into which two nectar- secreting processes of the two 
anterior stamens project (Fig. 662). 

Fandly 3. Ternstroemiaceae have a gradual transition from sepals to petals, 
like that found in the Magnoliaceae, numerous stamens, and a trilocular ovary 
wdth axile placenta tion. The Tea-plant (Fig. 663) and the Camellia belong to 
this family. 

Family 4. Guttiferae, — Distinguished by the schizogenous glands and the 
union in bundles of the stamens. JJ'ypericum is a British representative. The red 
contents of the secretory organs of Garcmia Hanburyi when dried form Gamboge. 

Family 5. Dipterocarpaceae. “Characterised by the great enlargement of some 
or all the sepals after fertilisation. Dryohalanops Oamphora yields Borneo Camphor. 
Dammar is obtained from Shorea JFiesneri. 


Order 14. Columniferae 


The essential character of this order is afforded by the androecium 
of the regularly pentamerous, actinomorphic, hermaphrodite flowers. 

One of tlie two whorls of stamens, 
usually the outer one, is suppressed 
or only represented by staminodes, 
while the other whorl has undergone 
a greater or less increase in the 



Fig. 664, — Flower of Althaea officinalis, cut 
throiigli longitudinally. a, Outer; b, 
inner calyx ; c, petals ; d, androecium ; 
/, pistil ; e, .ovule. (After Berg and 
Schmidt.) 




Fig. 665. — Malvaceae, 
Floral diagram {Malva). 


Fig. Q&^.—Malva sylvestrls, a, Flower ; 
h, flower-hud ; c, fruit. (Nat. size.) 
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number of its members by cborisis. The branching is frequently 
accompanied by cohesion of the filaments. The carpels also some- 
times exhibit an increase in number as a result of branching. 1 he 
superior ovary is then divided into a corresponding number of loculi. 

Family 1. Malvaceae. — Characterised by the flowers with the 


Fio. 067.-— Flowering branch and open fruit of Gossypiwn Urlaceum. (i iiat. size.) Official. 

corolla contorted in the bud. Protandrous. Stamens united into a tube 
around the ovary ; the free ends of the stamens, each of which bears 
a single reniform theca, project from the margin of the stamiiial 
tube. K 5, C 5, Aoc,*G (3) or oo. Pollen grains with spiny exine, so 
that they readily adhere to the hairy bodies of insects (Fig. 514). 

The genus Malm which pccurs in Britain includes perennial herbs, with long- 
stalked, palmately-veined leaves, Flowers solitary or in small cymose inflorescences, 


DIV. 11 


ANGIOSPERMAE 


649 



in the axils of leaves. Three free segments of the epicalyx. Petals usually rose- 
coloured, deeply notched (Fig. 666). In Althaea the whole plant is clothed with 
stellate liairs, giving it a soft velvety appearance. Epicalyx of 6-9 segments 
united at the base. The fruit is a schizocarp consisting of imnierous carpels 
arranged in a whorl. 

Hibiscus and Gossypkim a,YG slnuibs with three- to hve-lobed leaves with long 
stalks. Flowers with a large epicalyx of three segments, which completely covers 
the calyx. Fruit of three to five carpels, loculicidal. Seed of Gossypium covered 
witli long hairs which aid in its dispersion by the wind. AYlien stripped from 
the seeds and cleaned these hairs 
form cotton wool. The most 
important species of Cotton are 
G. hcirhadense, G, arboreum, G. 
herbacetcm (Fig. 667). 


Fm. m9.—TiUa ulmifiM A, luilorescence (a), with 
bract (6), (nat. size). Longitudinal section of 

Fig. G70,— Sterculiaceae. fruit (inaguified) ; o, pericarp ; p, atrophied dissepi- 

Floral diagram {Theo- men t and ovules ; g, seed ; r, endosperm ; s, embryo ; 

Iroma). (After Eichler.) t, its radicle. (After Hero and Schmidt.) 

Official. — Gossypiu7n harbadense and other species yield gossyfium. 

Family 2. Tiliaceae. — Plants with simple stalked leaves provided with 
deciduous stipules. Calyx polysepalous. Aestivation of calyx and corolla valvate. 
Stamens completely free from one another with introrse anthers ; usually only 
the inner whorl is present and has undergone branching (Fig. 668). Style simjfie. 

Most of the genera are tropical. The herbaceous species of Cor chorus yield 
Jute. In Britain two species of Tilia^ Lime, occur. These are stately trees with 
two-ranked petiolate leaves, the stipules of which are soon shed. The leaves, 
which have a serrate margin, are asymmetrical. The inflorescence (Fig. 669 A) 
is coherent with a bract for half its length ; this serves as a wing in the distribu- 
tion of the fruit. The umbel -like inflorescence of the Lime is composed of 
dichasia ; Tilia platyphyllos has 3-7, T. pq/rm>folia 11 or more flowers in the 
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Fig. m.-Tli>ohmrm 1, Stem bearing fruits. 2, Flowering branch. 3 Flower, i, OMe of 

stamen. 5. Stamen from anterior side. (3, 4, about nat. sme; .5, enlarged; I, 3. greatlj 
red need.) Official, 

the bud ; stamens coherent to form a tube. The antisepalous stamens are stami- 
nodial ; the antipetalons stamens are often increased m number. Anthers extioise 
The most important plant is the Cocoa tree (Theohroma, tamo, Figs. 670, 671). 
It is a native of tropical Central and South America, but has long been cultivated. 
It is a low tree .with short-Stalked, firm, brittle, simple leaves of large sue, oval 
, shape, and dark green colour. The young leaves are of a bright red colour, and, 
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as in ruari}; tropical trees, liang limply downwards. The flowers are borne on 
tlie main stem or the older branches, and arise from dormant axillary bnds 
(caulifloiiy). Each petal is bulged out at the base, narrows considerably above 
this, and ends in an expanded tip. The form of the reddish flowers is thus some- 
what urn-shaped with live radiating points. The pentalocular ovary has inimeroiis 
ovules in each loculus. As the fruit develops, the soft tissue of the septa extends 
between the single seeds ; the ripe fruit is tlms unilocular and many-seeded. The 
seed-coat is tilled by the embryo, which has two large, folded, brittle cotyledons. 
Oola acummcUa and C. vem, natives of tropical Africa, yield the Kola nuts wliich 
are used in medicine. 

Official. — Theohroma Cacao, from which oleum theobiiomatis is obtained. 

Orders 15-17 are connected by a number of cliaracters such as 
reduction in number of stamens, presence of a disc, one-seeded loculi 
in the fruit ; these may indicate a common relationship to the 
Tricoccae or to the forms from which the latter order came. 


Order 15. Gruinales 


The flowers of the majority of the plants belonging to this order 
are hermaphrodite, pentamerous, and radially symmetrical, ivitli a 
superior, septate ovary. K 5, C 5, 

A 5 4- 5, G (5). When the flowers 
are zygomorphic they frequently ex- 
hibit reduction (Polygalaceae). Stamens 
coherent at the base, obdiplostempnous 




Fig. 672. — Floral diagrams of G erauiaceae. A, Geranvim 
prate use. B, Pelargoniim zonak, (After Eichlee.) 


Fig. 673. — Fruit of Felargonhnn in- 
quinans. (x3. After Baillon.) 


or haplostemonous. Nectaries to, the 'outer side of the stamens or 
as an annular disc within the stamens (Rutaceae). Ovules usually 
pendulous, "with the micropyle directed upwards and the raphe ventral ; 
or the micropyle is downwardly directed and the raphe dorsal. 

Family 1. Geraniaceae. — The genera Geranium with actinomorpbic and Pelar- 
gonium with dorsiventral flowers both have stalked, palmately - veined leaves. 
Two ovules in each loculus. When ripe the five beaked carpels separate from a 
central column, and either open to liberate the seeds, or remain closed and by the 
hygroscopic movements of the awn-like portion bury the seed in the soil (Fig. 
67^ ; cf. Fig. 275, p. 884). 
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Tl« h.i,, .V«, 1..S ..ul„ i„ ...h ot it. lit. 1.0U1I. Tl« ftui. 

o.ly citMus one a.eti (Fig- . y j j clistvibutyd in tlie trogios 


reduced.) Official. » . 

thP 1,„H • stamens coherent to form a tube. The anfeepalous stamens are stami- 
iiodial ; the antipetalous stamens are, often increased in nimito-. Ant lers ex loi se 
The most important plant is the Cocoa tree [Theohroma Cacao, Kxgs. 670 6 1 ■ 
It is a natire of tropical Central and South America, but has long been cultivated 
"s a C trecivUh short-stelked. firm, brittle, sin, pie leaves of l-g® 
sLpe, and dark green colour.. The yo.ung leaves are of a bright red coloui. and, 
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as in inanj/ tropical trees, bang limply downwards. The flowers are home on 
the main stem or the older branches, and arise from dormant axillary ljuds 
(OAULIFLOIIY). Each petal is bulged out at the base, narrow’s considerably above 
this, and ends in an expanded tip. The form of the reddish tkwvers is thus some- 
what urn-shaped with five radiating points. The pentalocular ovary lias nuinerons 
ovules in each loculus. As the fruit develops, the soft tissue ot the septa extends 
between the single seeds ; the ripe fruit is thus unilocular and many-seeded. The 
seed-coat is filled by the embryo, which has two large, folded, brittle cotyledons. 
Cola acuminata and C. vcm, natives of tropical Africa, yield the Kola nuts whicli 
are used in medicine, 

Official. — Theohroma Cacao, from wdiich oleum theobkomatis is obtained. 

Oi'ders 15-17 are connected by a number of characters such as 
reduction in number of stamens, presence of a disc, one-seeded loculi 
in the fruit ; these may indicate a common relationship to the 
Tricoccae or to the forms from which the latter order came. 

Order 15. Gruinales • 

The flowers of the majority of the plants belonging to this order 
are hermaphrodite, pentamerous, and radially symmetrical, with a 
superior, septate ovary. K 5, C 5, 

A 5 -f 5, Gr (5). When the flowers 
are zygoinorphic they frequently ex- 
hibit reduction (Polygalaceae). Stamens 
coherent at the base, obdiplostemonous 



Pig. 672.~-Plox’iil diagrams of Geraiiiaceae. A, Geranium 
pratense. JB, Pelargonium zonak. (After Eichler.) 



' Fig. 673. — Pvnitot Pdargonhnii in'- 
gninans. (x 3. After Baillon.) 


or haplostemonous. Nectaries to the *outer side of the stamens or 
as an annular disc within the stamens (Rutaceae). Ovules usually 
pendulous, with the micropyle directed upwards and the raphe ventral ; 
or the micropyle is downwardly directed and the raphe dorsal. 

Family 1. Geraniaceae. — The genera Geranium \fith. actinomorpihe and Felar- 
gonmrn with dorsi ventral flowers both have stalked, palmately- veined leaves. 
Two ovules in each loculus. When ripe the five beaked carpels separate from a 
central column, and either open to liberate the seeds, or remain closed and by the 
hygroscopic movements of the awn-like portion bury the seed in the soil (Fig. 
673 ; of. Fig. 275, p. 334). 
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Family 2. Linaceae. — Linum usitatissimum, Flax (Fig. 674), lias long been 
in cultivation. It is an annual, and bears numerous blue flowers, which last 
only a short time, in racemose cincinni. The flower has its stamens united 
at the base and live free styles. The stem beai’s numerous small narrow leaves. 
The bast-fibres after proper 
preparation are woven into 
linen. The seeds from the 
5 -locular capsule yield oil. 

0 F F 1 0 1 A L. LlJy’lTM, the 

seeds of Liimm usilaiissimum. 

Family 3. Erythroxylaceae. 

from the leaves of this plant. 


Pio. 074. — Linum usitatmimWDu 
At Flower. B, Androecinm and 
gynaeceuin. C, Capsule after 
dehiscence. (A, nat. size ; B, C 
x 3.) Official. 


Flg. G'T6.--Erythroxylon Coca. (-3 nat. size.) 


Family 4. Zygophyllaceae. 

Official. — Gmacum sanctirm and Guiacum officinale^ West Indian trees with 
opposite, paripinnate leaves. Ovary bicarpellary, bilocular. Fruit winged. 
They yield guiaci ltgkum and guiaci resina. 

Family 5, Eutaceae.— Important Gener^.— graveolcns (Fig. 676), the 
Rue, is a somewliat shrubby plant with pinnately-divided leaves. The terminal 
flowers of the dichasial inflorescences are pentamerous in robust examples ; all 
the other flowers are tetramerous with a large iiitrastaminal disc. Bictamnihs 
Fraxinclla has panicles of conspicuous, dorsiventral flowers ; the carpels are free 
in their upper portions. The important genus Citrus has peculiarly con- 
structed flowers (Figs. 677, 678). The numerous stamens are united in bundles 
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and arranged in a single whorl, 
fruit is a beny ; the succulent 
portion is formed of large cells 
with abundant cell -sap which 
project into and lill up the loculi 
of the ovary. The seeds have 
usually several embryos (cf. p. 
578). The leaves of many species 
are simple and provided with more 
or less winged petioles. Other 
species have trifoliate leaves, and 
the articulation at the base of the 
lamina shows that the apparently 
simple leaves correspond to im- 
pari pinnate leaves, of which only 
the terminal leaflet is developed. 
The thorns at the base of the leaf 
are derived by modification of the 
first leaves of the axillary bud. 


The number of carpels is also increased. Tlie 



Fig. 677.-— Floral diagram of Cit7'i(S 
vulgaris. (After Eighler.) 


Citrus is originally an East 
Asiatic genus ; a number of 
species inhabit the warmer 
valleys of the Himalayas. 
All the important cultivated 
forms have been obtained 
from the Chinese. Citrus 
decumana^ the Shaddock, is 
tropical ; C. medica is the 
form which was known to the 
Greeks in the expeditions 
of Alexander as the Median 
apple. It is now widely 
spread and has a number of 
varieties of wliicli Citrus 
(medim) Limonum is the 
Lemon. This tree was intro- 
duced into the Mediterranean 
region in the third or fourth 
century. * Citrus {uiediGa) 



Fig, &TS.r-^CUrus vulgaris. (| nat. size.) Official. 
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Bajoura lias thick-skinned fruits from which citron is obtained. OUrt&s Aurantinm 
occurs in two distinct forms, C. {Aumntm7n) wlgaris G. {Aurari- 

tiiim) sinensis. Citms noUlis, the Mandarin, is also of Chinese origin. Chiinaeras, 
called Bizzitria, hem obtained by grafting between and 

G. Limomim. ‘ Pilomrpiis jdborandi, Si> tree-like shrub witli large, imparipinnate 
leaves, native of Eastern Brazil. 


Fig. 679. — Quassia amara,. (Nat. size. After Beeg and Scdmidt.) 
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Family 7. Burseraceae. — Woody plants with resin passages. Commi 2 )liora 
abyssinica and 0. Scldm])eri are trees found in Arabian East Africa. Bosicdlia 
Qarteri and B, Bhau Dajianac are 'small trees from the 
same region which yield olibanum. Canarmm. 

Oia^noiAL. — MyuuHA, Myrrh, from Balscmodenchon 
Myrrha and other species. 

Family S. Polygalaceae. — K5, C3, A (8), 0(2). The 
two lateral sepals are petaloid. Three petals, the lowest 
of which forms a keel. Stamens 8, coherent into a tube 
(Figs. 680-682). Polygala cliamaebuxm is a small shrubby 
plant occurring in the Alps. P. vulgaris and P. amara 
occur in Britain. 

Official. — Pohjgcda Beiiega (North America) yields 
SENEGAE RADIX. 


Order 16. Sapindinae 

This includes the following families : — 

Family 1. Sapindaceae. — Tropical. The crushed seeds 
of PaulUnia cupana^ a liane of Brazil, yield guar ana. 



P’ra. GSO.-— Floral diagram of Polygala myrtifoUa. (After Bighler. ) 





Fig. Q8l.~PoIygaJa Senega. A, Flower ; a, small ; h, large sepals ; 

c, keel ; e, lateral petals ; d, androecium. B, Androecium ; /i, anthers Fig. QS2. —Poly gala Senega. 
(magnified). (After Berg and Schmidt.) Official. (|nat. size.) Official. ' 

Family 2. Anacardiaceae. — Mostly tropical. Mangifera indica ; Bhus toxico- 
dendron ; Pistacia. 

Family 3. Aquifoliaceae. — Ilex aquifoUum. The Holly, an evergreen shrub or 
tree of Western Europe (Fig. 683). I. paraguariensis yields Paraguay Tea or Mate. 
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Fig. 684. — Acer jpseudophUanus, nat. aize). 1, Branch with pendulous terminal inflorescence. 
f2, Male flower. B, Female flower, Fruit. Floral diagram. and B enlarged.) (Aftei’ 


Fig. 683. -^Floral diagram of Ilex aqvAfoliwn. 
(After Eichler.) 
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l^amily 4. Aceraceae.^ — Include Aluples and Sycamores with their character- 
istically winged fruits (Fig. 684). 

Family 5. Hippocastanaceae. — The Horse-chestnut. Aesmlus kippocastamm . 


Order 17. Frangulinae 

This order is characterised by the single whorl of an tipe talons 
stamens and the intrastaminal 

disc. A o B ^ 

Family 1. Rhamnaeeae.— 

The only native genus of this /] U 

family, which is distributed in /| 1] 

the tropicSj is Iiliamnus. | | ’ 


H/i. Frangtila (Figs. 685 B, 686, 

687), the Berry -bearing Alder, is a 

shrub with alternate, entire leaves cs 5 .-Ploral diagrams of Mamum ,athartlca 
provided with small stipules. The (represented as hermaphrodite), and B, Ph, 
flowers are solitary or in groups in Frangula, (After Eighler.) 
the axils of the leaves ; pentamerous, 

with two carpels. The floral receptacle forms a cup-shaped disc. Two (less 

commonly three) carpels ; stigma 
\ undivided. Fruit, a drupe with 

two or three seeds. Eh. cathar- 
^ ^ ticus has usually spiny branches 

f bearing opposite leaves with 

serrate margins. Flowers tetra- 
merous throughout (Fig. 686 A), 

I dioecious by suppression of 

stamens or carpels ; female flower 
with four free styles and a four- 
seeded drupe. Seeds with a 
' dorsal raphe. OolUtia spinosa 




Pig. 68(j.~~JRham’nus Frangula (4uat. si^ie). Flowering 
' branch and portion of a branch bearing fruits. 


Fig. 687. — Rhammts Frangula. Flower 
cut through longitudinally. «, Re- 
ceptacle; 6, calyx; c, petal; d, a 
stamen; e, pistil (magnified). (After 
Berg and Schmidt.) 


and C. crihcAata are leafless South American shrubs ; the thorns of the former 
are cylindrij 9 al, those of the latter flattened laterally. 
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Official. purshiamis yields cascara sacjrada oi iihamm 

(Figs. 688, 6S9).™The genera FUis, ^ 

Parlhmocissus in tl.e northern hemisphere and f 

here. VUis vinifera, the Grape Vine, is a cultivated plant with “U 
and varieties. The tendrils correspond to shoots and stand opos t 
leaves ; they are at first terminal, but become displaced ^7“ 

TnPTit of the axillary shoot. The inflorescence is a panicle takiiit, the p 
tendril* intermediate forms between inflorescences and tendrils ^are o lequei 
oocmi;ef Caironly represented by . a email rim ; thepentamoroiis oordla, 
with the netals united by their tips, is thrown off when the flower opens. Raisins 
are obtained from Vitis TOn/era. Currants are the seedless fruits of V%Usmmfeia, 



Fig. (iSS,-~VUis viwfera. Opening 
flower, a, Calyx ; h, corolla ; c, 
disc ; d, stamens ; e, ovary (mag- 
nified). (After Bebg and Schmidt.) 



Fig. 089.— Floral diagram of Ampelo2)sis 
hederacm. (After Eichlee.) 


■ tsrirxr is 

“rig. 210). 

Order 18. Rosiflorae 

Thf» cyclic flowers are in other respects siiiiilar to those of the 
Polyctrpkae ; the connection of the Rosaceae with the Oalycantlmceae 
is particularly close. The single carpel in the Pruneae and the 
dorsSSral flowers of the Chrysohalaneae lead on to the Legummosae. 

The order includes plants of very diverse form and construction 
with alternate leaves. The flowers fe always actiiiomoipiic 

with the members arranged in who^; they have five ten oi 
numerous stamens and carpels, the pistil is as a rule 
large part played by the floral axis m the construction of the flowei 
and fruit is characteristic. K5, C6, A6-oo , 61 =0 . 

Family 1. Crassulaoeae. — Succulent herbs (cf. p. 1/i) or undei sbi^® 
ovmose inflorescences. Sedum (Fig. 690) with pentamerous flowers ; them aie a 
number of British species. Sempervivum, flowers with from six to an mdelimte 
nZher of meters in the whorls ; A tectorum. SnjophyUu.. with tetramerons 
flowers noteworthy on account of the abundant formation, of buds in the mdenta- 
rions of the marghi of the leaf. , Orasmla ; South African forms mimic stones by 

: ; their globular form (^). , , , 
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Eaniily 2. Saxifragaceae. — Herbs or woody plants with hermaphrodite, 
obrliplostemonous flowers. Fruit a capsule or a berry formed of two carpels and 
containing an indeflnite number of albuminous seeds. Saxifraga, Saxifrage, small 
herbaceous plants wliicli are especially numerous on crags and rocky ground in 



Fig. coo. — Sf’duni I'clephiiim. a, Flower; 5, flower iu longitudinal section. 

(x 4. After H. SCHENCK.) 

mountainous districts. They have a rosette of radical leaves and bear numerous 
pentamerous flowers grouped in various types of inflorescence. The two partially 
inferior carpels are distinct from one another above. Parnassia palustHs is common 
on wet moors, pentamerous flower with 4 carpels.' One whorl of stamens modified 



into palmately-divided staminodes, which serve as nectaries. The species of Pihes 
have an inferior ovary wdiich develops into a berry, and on this account are 
commonly cultivated. Ji. mbrum (Fig. 691), Red Currant, JL nigrum, Black 
Currant, R. grossularia, Gooseberry. Other Saxifragaeeae are favourite ornamental 
plants, e.g. Ribes aureum and R. sanguineum, Hydrangea, Philadelplms, and 
Deutzia. • 
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Family 3. Rosaceae (2^),— Characteristic features of this family 
are the coastant presence of stipules, the absence of endosperm from 
most of the seeds, the apocarpous fruits, and, as a rule, the numerous 
stamens (Fig, 692). The two latter features are also found in the 
Ranunculaceae, or generally in the Polycarpicae, but the floral members 
are there spirally arranged while in tlie Rosaceae they ai'e in whorls, 
and the flowers are perigynous. 

In many cases the increase in numbor of members of tlie androeciuni and 
gynaecenni proceeds from an intercalary zone of the hollowed floral axis, and 
continues for a considerable period. The introduction of new members is deter- 
mined by the spatial relations, so that differences in the numbers of members are 
found in individuals of the same si3ecies. 

The genus S%nrma has tyjjically pentamerous flowers with superior ovaries ; 
many species arc cultivated as ornamental shrubs (Fig. 692 E). Qwillaja Saponaria 
(Fig. 693), from Chili, is an evergreen tree with shortly- stalked, alternate, 


B 



Fig. 692.— -Floral diagrams of Rosaceae. Sorltus domesHca, B, Prunus Faclus. C, Rosa 

fomeniosa, D, Sanguisorba officinalis. E, Spiraea hy'pericifoUa. (After Eichlrr.) 

leathery leaves and terminal dichasia usually consisting of three flowers. Tlie 
flower has a five-toothed, nectar- secreting disc projecting above the large sepals. 
Five of the stamens stand at the projecting angles of the disc opposite the sepals ; 
the other five are inserted opposite the, petals at the inner margin of the disc. 
Petals narrow, white. Ovary superior. Only the middle flower of the dichasiiim 
is hermaphrodite and fertile, the lateral flowers are male and have a reduced 
gynaeceiim. Fruit star-shaped, composed of partial fruits. Each carpel dehisces 
by splitting into two valves. Seeds winged. 

The genera Py?'us, Cydonia, etc., are distinguished from the other Rosaceae by 
their inferior ovary, which usually consists of five carpels bound tog«?ther by the 
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Fig. 694.~P!/rus vialus. Flowering shoots 
single flower, iind fruit in longitudinal 
section. (| nat. size.) 


Pig. 693 . — Quillctja Saponaria, (f nat size. 
After A. Mbyer and Schumann.) 


[Pyrus) cmcuparia, tbe Kowan. Crataegus {Mespilus) oxycantlia^ the Hawthorn, 
in hedges or planted as an ornamental tree (cf. p. 318). 

A concave, pitcher -shaped floral axis wdth one to many free carpels, each of 
-which encloses 1-2 ovules, characterises the genus Rosa. The partial fruits are 
nut-like, and are enclosed by the hollowed floral axis (Figs. 569, 692 Q). The 
leafy development of the numerous stamens has given rise to the cultivated 
double forms. Agrimonia and Hagenia ahyssiiiica have a dry cup-shaped receptacle. 
Ilagenia is a dioecious tree with unequally pinnate leaves, the adherent stipules of 
which render the petiole winged and channelled. Inflorescence a copiously 
branched panicle. Each flow^er has two bracteoles and an epicalyx. The flowers 
are unisexual by suppression of the male and female organs respectively. The 
corolla later falls off and the sepals become inrolled, while the epicalyx enlarges. 
The two free carpels have each a single ovule. Fruit one-seeded (Figs. 695, 696). 
Akhemill^. has no petals (Fig. 521, 2). Banguisorha offimialis has polygamous 
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corolla, aggregated in heads. Flowers tetramerous 
These are gi*eatly reduced' forms. 


flowers, without epicalyx or 
with 1-2 carpels (Fig. 692 D). 


E'ig. 695 . — Hnfjenia ahyssimca. 1, Female flower ; e, ex>icalyx ; /, calyx ; g, corolla (x 4). 
S, Fruit (nat. size), with enlarged epicalyx. (After Berg and Schmidt.) Official. 
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Potcntilla with a niuuber of British species has a flattened receptaclej epicalyx, 
and an apocarpous pistil. Geum and Dryas have hairy carpels which elongate in 
fruit and are distrilnited by the wind. Fragrm'ia, Strawberry, with small aelieiies 
situated on the succulent, enlarged, floral receptacle. Ruhiis^ Blackberry, has 
numerous species, mostly scrambling shrubs with recurved prickles. Leaves 



(slightly enlarged) ; 6’, fruits ; 4, fruit cut through longitudinally. 

trifoliate. 11. idaeus, the Raspberry, is one of the few species which are not 
straggling climbers. The small drupes are closely crowded on the convex receptacle, 
forming the collective fruit. 

The group of the Pruneae which includes a number of important trees bearing 
stone-fruits has a single carpel situated in the middle of the flat expanded floral 
receptacle (Fig, 692 JB). Primus cerasus, the Wild Cherry (Fig. 697) ; P. avium, 
Gean ; P. dornestica, the Plum ; P. arynenima, the Apricot, and P. persica, the 
Peach, are of Ciiinese origin ; P. Amygdalus, the Almond, from the eastern “Mediter- 
ranean region. The succulent mesocarp of the Almond dries up as the fruit I'ipens 
and ruptures, setting the stony endocarp free. 


664 


BOTANY 


PART II 





Poisonous, ““Tile seeds of many Eosaceae contain amygdaliii, but usually not 
in sucli amount as to be poisonous, owing to the resulting hydrocyanic acid, ivlien 
eaten fresh in small quantity ; this is, however, often the case with the residuum 
left after the seeds, e.g. of bitter almonds, have been crushed. The leaves of the 
Cheny Laurel {Prumcs laurocerasus) may also give rise to toxic effects. 

Official. — Rosae gallicae petal a from cultivated plants of Horn galUca ; 
OLEUM EOSAE and AQUA BOSAE from Posa damascena. Amygdala dulcis and 
AMYGDALA AMAKA from Pfunus amygdalus. Prunum from Prunus do^nestims. 

Pruni VIRGINIAN AE CORTEX from Pfunus sero- 
iwa. Laurocerasi folia from Prunus lauro- 
cerasus. Cusso from Hagenia abyssinica. 
Quillaiae cortex from Qtdilaja Sa-ponaria. 


\ ^ ' )j Order 19. Leguminosae 

The common characteristic of all 
Leguminosae is aftbrded by the pistil. 
This is always formed of* a single carpel, 
the ventral suture of which is directed 
to the dorsal side of the flower (Figs. 

698, 701, 706). It is unilocular, and 
bears the ovules in one or two rows on the ventral suture. The fruit 
is usually a pod (legume), which dehisces by splitting along both the 
ventral and dorsal sutures (Fig. 711). Nearly all Leguminosae have 


Fig. 698. — Floral diagrams of Mimo- 
saceae. A, Mimosa pudica. B, Acacia 
Jophantha. (After Eicelek.) 


Fig. 699.—- Amcio, nicoyensis. From Oosta Rica. I, Leaf and part of stem ; S, hollow thorns in 
whicli the ants live; F, food bodies at the apices of the lower pinnules ; N, nectary on the 
petiole. (Reduced.) 11, Single pinnule with food-body, F. (After P* Noll. Soinewhat 
enlarged.) 

alternate, compound, stipulate leaves. Many are provided witli 
pulvini (Figs. 132, 290, 291), which effect variation movements of the 
leaves and leaflets. 

Family 1. Mimosaeeae. — Trees, and erect, or climbing, shrubby 
plants with bipinnate leaves. Flowers actinomorphic, pentanferous or 
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teti*anierons (Fig. 698). Aestivation of sepals and petals valvate. 
Stamens free, numerous, or equal or double in number to tbe petals. 


The colour of the flower is due to the length and number of the 
stamens, the corolla being as a rule inconspicuous. The pollen grains 
are often united in tetrads or in larger numbers. The flowers are 
grouped'^in spikes or heads. Embryo straight in the seed. 


Fig. 700.— Acacia catechu, (§ iiat. size. After Meyer and Schumakn.) Official, 
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There arc no representatives native to Europe of this family, which is 
abundant in the tropics. The Sensitive Plant {Mimosa ][iii.dica) (Fig. 291) occurs 
as a w^eed tliroughout the tropics and exhibits great irritability to contaiA. 
USTumerous species of the genus Acacia are distributed through the tro])ies 
and sub-tropics of the Old and N'ew Worlds ; some are in ciilti\'atioii in the 
]\Iediterranean region. The Australian forms of the genus are frerpiently 


Fig. lOB.—Tamarindus indica» (| iiat. size. After A. Meyer and iiScHUMANN.) Official. 


characterised by possessing phyllodes (Figs. 136, 192), the vertical position of 
which contributes to the peculiar habit of the Australian forests. Some American 
species of Acacia are inhabited by ants (Fig. 699) which live in the large stipular 
thorns and obtain food from Belt’s food-bodies (^'^) at the tips of the pinnules. A 
mutual symbiosis has not been demonstrated in this case. Many species of Acacia 
are of considerable economic value owing to the presence of gums and tannins in 
the cortex or in the heart-wood. A. catechu (Fig. 700) and A. suma are East 
Indian trees from which Catechu is obtained. 

Official. — By the disorganisation of the. parenchyma of the stem of Acacia 
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senpAjctl (Soudan and Senegambia) and of other species, acaciae gummi is obtained. 
This exudes fi'om wounds as a thick fluid and hardens in the air. A. ambica, 
A. catechu and A. dccnm'cns hive oliio ot'licial. 

Family 2. Caesalpiniaeeae. — Trees or shrubs with pinnate or 
hi pinnate leaves. Flowers usually somewhat dorsiventral. Corolla 



dinal section. Af, the ilesliy 

inesocarp. (After Berg Fig. 706,— Floral diagrams of Papilioiiacoae. 

and Schmidt.) Official. A,ViciaFaha, B, LaburnuvivulgaTe. (After Etcfiler.) 

with ascending imbricate aestivation (Fig. 701) or wanting. Typical 
floral formula : K 5, C 5, A 5 + 5, G 1 . The number of petals and 
stamens is often incomplete. Embryo straight. 

Abundantly represented in the tropics and sub-tropics. 

In Oassia angicstifoUa the -geteds are both five in numhei?’ and free 
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Fig. IQS.—Mijroxiilon Pereirae. (§ nat. size. After Beec 
and Schmidt.) Official. 


(Fig. 702). The lower overlapping petals are somewhat larger than the upper ones. 
Of the ten stamens the three upper ones are short and sterile, while the other 
seven, the filaments of which are curved and convex below, diminish in lengtii 
from above downwards. The anthers open bj^ means of terminal pores. The pod 
is compressed and broad and fiat. The flowers are borne in racemes in the axils 
of the leaves of the shrub, which is about a metre high. The briglit green, 
equally pinnate leaves have 
small stipules at the base. 

Tamarindus indica (Fig. 703) ^ 

is a handsome tree, native to 
tropical Africa, but now planted 
throughout the tropics. Its 
broadly - spreading crown of 
light foliage makes it a fa vourite 


shade-tree. The racemes of flowers are terminal on lateral twigs bearing equally 
pinnate leaves. The individual flowers are markedly zygomorphic. The fruit is 
peculiar. The pericarp is ditfereiitiated into an outer brittle exocarp, a succulent 
mesocarp, and a firm endocarp consisting of stone-cells investing the more or less 
numerous seeds individually (Fig. 704). The almost imperceptibly dorsiventral 
flowers of Oopaifera have no corolla ; the four sepals are succeeded by 8-10 free 
stamens. The fruit i.s one-seeded but opens when- ripe. The seed is invested on 


Fig. *707. —Lotus coruicRlatus (-1 nat. 
size). Flowering shoot ; flower, keel, 
stamens. Carpel (nat. size) and fruit 
nat. size). 
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.laxly -limited arillus. None ot the Oaei 
j and the canliflorous (cf. p. Bol) Cerc^s s 
701 A) and GlcditscMa triacanth 
cnltivated as ornamental plants. 

IKDICA, the pinnae of Cassia angustifoUa (Irop. 

in Southern India) ; senna al 

CASSIAS PtJLPA ; 
TAMAP.INEI 
UATOXYLI LIGNUM. 


^de hy a succulent, irregul 
•ritish. C6TCitoiiia siHgua 
the Mediterranean region (Fi| 

199), are sometimes c.*. 

F F IC I A L. — SIjN N a 

Arabia, cultivated at Tinnevelly ^ 

C.acidifoUa] Cassia fistula [Txo]). Am.) yields ^ 
ined from Cox^cCifera Langsdorfii and other species 
ilent mesocarp of Tamarindus indica ; HAS\.-* 
{aemaioxylon camyecUamm, (Trop. 

) ; KRAMBIIIAE RADIX from /fra, mew 

id-ra, a shrub growing in the Cor- 
,ras. Flowers atypical ; the sepals 
htly coloured within ; the corolla 
11. Three stamens opening by pores 
he summit. Fruit spherical, prickly, 
ves simple, silvery white (Fig. 705). 

Family 3. Papilionaeeae. — 
rbs, shrubs, or trees with, as a 
e, imparipinnate leaves. Flowers | 

/ays markedly zygomorphic. ^ 


Fio. m.-^Myroxulon Pe^eira^. See Text. (En. Fig. 710.-Fruit of Myroxylou Pereirao. 

larged. After Berg and Schmidt.) Official. (| nat. size.) Official. 

Calyx of five sepals. Corolla of five petals, papilionaceous, with 
descending imbricate aestivation (Fig. 706). Stamens 10 ; fil.amencs 
either all coherent into a tabe surrounding the pistil (Lupimis) or the 
posterior stamen is free (^Lotus'), or all are free (^Myroxylon, Fig. 1 09). 
Seeds with a curved embryo. 

Abimdantlv represented in the temperate zones ; fewer in the tropics. ^ ^ ^ 

The component parts of a papilionaceous flower are seen separately in Fig. 70/. 
The posterior petal, which overlaps the others in the bud (Fig. 706), is termed the 
standard (vexillum). The tw'o adjoining lateral petals are the wings (alae), and the 
two lowest petals, usually coherent hy their lower margins, together form the keel 
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(carina). The upper ends of the stamens are usually free and curve upwards, as 
does also the style hearing the stigma. 

The genus Myroxylon is of importance on account of the balsam obtained from 
species belonging to it. Myroxylon Pereirae is a tree of moderate height with 
alternate, impari pinnate leaves (Fig. 708), The flowers are borne in the torminal 
racemes and have a large vexillum, the other jietals remaining narrow and incon- 


spicuous. The stamens are only coherent at the base, and bear conspicuous, 
reddish-yellow anthers (Fig. 709). The fruit is very peculiar. The ovary has a 
long stalk and bears two ovules near the tip. One of these develops into the seed 
of the indeliiscent, compressed pod, which has a broad wing along the ventral 
suture and a narrower wing along the dorsal suture (Fig. 710). The bell- 
shaped calyx persists on the stalk. Genista, Sarotliamnus, Lxqnnus, Gytisus 
.have all ten stamens united (Fig. 706 ^) j their leaves are pinnate or simple, with 
entire margins. The Laburnum {LdhUrnum vulgare, Fig. 711) is one of the 
commonei?t ornamental trees of our gardens and grows wild in the Alps. It has 


Fio. 711 . — Laburnum vulgare. nat. size.) Pojsoa'OUS. 
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tripinnate leaves and long pendulous racemes of yellow flowers. X'lex^ Furze, a 
cluira,cteristic Biatisli plant. Spartmm, distributed in llie Mediterranean region. 
TrifolimH^ Clover, with persistent calyx and corolla. Leaves trifoliate. Flowers 
aggregated in heads. Stamens (9) -P 1, Fruits indeliisceiit. Mcdicago, Mediek, with 
deciduous corolla ; fruit sickle-shaped or spirally twisted. Melilotus, l\leli]ot, with 
racemose inliorescences. Trkjonclla with long pods. Ononis, Rest-Harrow with 

ten coherent stamens. The 
increase in the amount of 
nitrogen in the soil effected by 
the root-tubercles (cf. p. 260, 
Figs. 251, 252) of Legu- 

minosae finds its practical 
application in European agri- 
culture in the cultivation of 
species ot Trifolhim, Medi- 
cagOj and Lwpinus. Lotus, 
Bird’s-foot Trefoil (Fig. 707) ; 
leaves imparipinnate, lowest 
pair of leaflets owing to the 
absence of the petiole resem- 
bling sti^mles. Anthyllis, 
Kidney* Vetch. In species of 
Astragalus, which are low 
shrubs of the eastern Medi- 
terranean region and of 
western Asia, the rachis of 
the leaf persists as a sharply 
pointed thorn for years after 
the leaflets have fallen. These 
spines serve to protect the 
young shoots, leaves, and 
flowers (Fig. 712). Our native 
species are herbaceous, iuo- 
Hnia (Fig. 198) is an Ameri- 
can tree of rapid growth with ; 
very brittle wood, which is ' 
often planted and known as 
False Acacia. Glycyrrhiza, 
Liquorice, is a native of S. 
Europe. Wistaria sinensis 
is a climber with beantiful 1 
blue flowers, often grown 
against the walls of houses. 
Distinguished by the jointed 
pods in which the seeds are isolated by transverse septa are Coronilla 
(Fig. 713), Ornithopus sativus, Bird’s-Foot, and Arachis hypogaea, Ground-nut, an 
important, oil-yielding fruit of the tropics and sub-tropics. After flowering the 
flower -stalks penetrate the soil in which the fruits ripen. Vida, Vetch; 
Pisum, Pea (Fig. 208) ; Lens, Lentil ; Lathyrus, Everlasting Pea (Fig. 209). 
Leaves with terminal tendrils, corresponding to the terminal leaflet ; the leaves 
may thus appear to be paripinnate. The cotyledons remain within the seed-coat 


Fig. 


il2.-^Aiitragalu3 gvmmifer. G iiat. .size. After 
A. Mever and Schumann.) Officiai. 
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and do not become green. Fida Faba, the Broad Bean, is an erect plant, without 
tendrils ; the terminal leaflet is reduced to a bristle-shaped stump. Phaseolus, 
Kidney Bean, and Fhysostigma 
are twining plants with tripin- 
iiate leaves. Physosiigma i:eno~ 
suvLf a West African climber, 
yields Calabar Bean. 

Poisonous. — Among our 
common Legiiminosae only 
Laburnum molgare and the 
related genus Cytisus are 
extremely poisonous. Coronilla 
varia (Fig. 713), with umbels of 
rose-coloured flowers, and Wis- 
taria sinensis- are also poisonous. 

Official. —A stray alus gum- 
mifer and other species yield 
TRAGACANTHA. GlYCYKIIHIZAE 
RADIX is obtained from Gly- 
cyrrhiza glabra. Lyartiwni sco- 
parium yields scorAEii CACU- 
MINA. Andira araroba, a 
Brazilian tree, contains a 
powdery excretion in cavities 
of the stem called araroba ; 

CHRYSAROBINUM is obtained 
from this. The heart-wood of 
Pterocarpus santalmus, an East 
Indian tree, is pterooarpi lig- 
num. Kino is obtained from 
the juice flowing from incisions 
ill the trunk of Pterocarpus 
rnarsupiurn. Myroxylon toluifera (S. America) yields balsamum tolutarum, and 
if. Pereirae (San Salvador) balsamum peruvianum. Arachis hypogaea yields 
oleum arachis. Butea frondosa yields buteae gummi. 

Order 20, Myrtiflorae 

This order differs from the Rosiflorae by the inferior ovary and 
the absence of stipules. 

Family 1. Thymelaeaceae. — Ovule pendulous. Daphne Mezerewm, (Fig. 714) 
is a poisonous shrub, X->ossibly native to Britain, wdiich flowers in February and 
March before the leaves appear. The flowers are rose-eoloured, scented, tetramerous, 
and Jiave no corolla. The leaves form a close tuft until the axis elongates. The 
fruit is a bright red berry. In tlie Alps and in the Mediterranean region there 
are several species of Daphne, all of which are poisonous. 

Official. — Daphne Mezereum, D. Laurcola, and D. Gnidium yield mezerei 

CORTEX. 

Family 2. Elaeagnaceae. — Ovule erect. Hippophae. JElaeagnus. The leaves 
and young twigs are covered with shining peltate hairs. 

Family'^S. Lythraceae. — L'ljthrum salicaria, Purple Loosestrife. Flowers 

2 X ■ 
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typically liexameroiis with two inferior carpels. Heterostyled with tliree fosiiis of 
flower (cf. p. 560). 

Family 4. Onagraceae.— Flower tetrameroiis throughout. Androcciimi obdiplo- 
stemonoiis. Epilohium^ Willow-herb, with numerous species ; the fruit is a 
capsule, and the seeds have hairs serving for wind-dispersal. Oenothera (Fig. 715). 
The power of mutating possessed by plants of this genus was recognised by de V hies 

and forms the experimental 
I A 1 basis of his hypothesis of muta- 

A tioii. Gircaea, Enchanter’s 

® ^ mi®. ITightshade. Trapa, Water 

^^^fany forms are in culti- 
JB vation, for instance the species 
FtifChsia, in whmli the calyx 

^ natives of America. Fruit a 
f ; w Family 5. Ehizophoraceae. 

m A i w I'oots, or respiratory roots (Fig. 

■ / £ 1S9). These adaptations are re- 

H / lated to the peculiarities of the 

9 / situations in which tlie trees 

A grow. RMzophora (Fig. 716) ; 

9 ^ ; Geriops. Kanclelia 

H occur on the 


Ficf. 1U,--I)aplme Mezeremn Q nat. size). Fxg. 715. -Floral diagram of Oenothera 

Official POISONOUS. (Oiiagraceae). After Noll. 

coasts of the Indian Ocean. Species of Bhizophora are more widely distributed 
on tropical coasts. 

Family 6 . Myrtaeeae. — Evergreen shrubs or trees ; leaves opposite, 
leathery, often aromatic. Flowers actinomorphic, tetranierous or 
pentamerous, Androecium of many stamens, which are often arranged 
in bundles which have originated by branching. Carpels two or 
many (Fig. 717) united with the floral axis to form the inferior ovary. 
Fruit, usually a berry or a capsule. 

Mainly distributed in tropical America and in Australia. 

The Myrtle (Myrhis communis) j which occurs in the Mediterraneapi region, is 
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the only European species. Species of EibcalypUis from Australia, especially E, 
globuhos, are commonly planted in Italy, on account of theii* rapid growth and useful 
timber. Young plants have opposite, sessile leaves, but older trees bear stalked, 
sickle-shaped leaves which hang vertically. The sliadeless condition of the 
Australian forests formed by these trees depends in part on this character, but 



Fig. 7lQ.—M'lzophQra conjiigata Q nat. size). 


is partly due to the distance apart of the individual trees. E. amygdalina^ which 
reaches a height of 150 m. and a circumference of 30 m. at the base of the trunk, 
is one of the largest forest trees known. Psidium guayam and some species of 
Eugenia bear edible fruits ; the former is especially valued, Eugenia caryophyllata 
(Moluccas) is of economic importance, its unopened flower-buds forming Cloves 
(Fig, 718). This tree is commonly cultivated in the tropics. In Fig. 718 the 
inferior cfvary, formed of two carpels, is also seen in longitudinal section. 
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Species of Sonnemtia are frequently i the constituents of the mangrove vegetation 


jI that advance farthest into the sea ; 

Q ^ their piieumatophores therefore attain a 

considerable height (Fig. 188). 

Official. — Eugenia caryophyllata 
3f“)| ) yields CARYOPHYLLUM, Cloves. Pimenta, 

Wiv/ E\\iipi<iQ^fvomPimentaoffiGinalis, Oleum 

.. CAJiTPiiTi from Melaleuca leucadendrony 

a tree of less height but resembling the 
Fig. tit.— F loral diagTains of jMyrtaceae. A, Eucalyptus trees ; it is cultivated in 
Myrtus communis, B, Eugenia cwomaUca. the Moluccas (Bum) for the sake of the 
(Alter Eichler.) yields ; its specific name refers 

to the white colour of the bark. Oleum eucalypti and eucalypti gum mi 
from Eucalyptus globulus and other species. 
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I'lG. *Jl^.~-Eu(jenia caryophyllata (§ uat. size). Flowering branch. A bud cut in half and an opened 
flower (about nat. size). Official, 


Family 7. Punicaceae. — Single genus E%mica. Eunica gfanaium- is a tree 
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originally introduced frota the East and now largely cnltiyated in the Mediterranean 


region on account of its acid refreshing fruits known as Pomegranates (Pig. 
Leaves small, entire. Flower with a stiff, red 
calyx, an indefinite number of petals, and 
numerous stamens ; the 7-14 carpels are arranged 
in two tiers, the upper of which corresponds in 
number “to the sepals, the lower to the half of 
this (Fig. 720). Fruit enclosed by a leathery 
pericarp with numerous seeds in the loculi of 
both tiers. The external layers of the seed-coat 
become succulent and form the edible portion of 
tlie fruit. 


Order 21. Umbelliflorae 

Inflorescence as a rule an umbel. Flowers hermaphrodite, 
actinomorphic j a single whorl of stamens and an , inferior bilocular 
ovary, the upper surface of which forms the nectary. Carpels 
two. A single pendulous ovule in each loculus. 

The a(gnities of the Umbelliflorae are to be sought in the Gruinales to the 


and a bud. 

) 


Fig. ^UK—Pnnwa gmnat 
Flower in 
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Frangulinae. The increasingly tetracyclic floral construction, the formation of a 

disc in the flower, the forma- 
tion of secretory reseiwoirs.’and 
canals, and the one -seeded 
loculi of the fruit are all points 
of resemblance to the Umbelli- 
florae. 

Family 1, Gornaceae. — 
Gornus mas^ the Oornelian 
Cherry ( Fig. 721 ), expands its 
umbels of tetramerous yellow 
flowers before the leaves appear. 
Each umbel is subtended by 
four bracts. The inflorescences 
for the succeeding year are 
already present in the axils 
of the leaves by the time the 
fruit is ripe. In Britain two 
species occur: G, sanguinea, 
the Dogwood, and G. suecicUy 
an arctic and alpine plant 
which reaches its southern 
limit in Germany. 

Family 2. Araliaceae. — In 
Britain the only representa- 
tive of the family is the Ivy 
{ifedera Edix) (®^), a root- 
climber. The elliptical, pointed 



4T 


Fig. 721.~Ooraiis mus (I nat. size). 1, Flowering twig. 2, 
Twig with fruits. 3, Flower seen from above. 4, Flower 
iu longitudinal section. (S, 4, enlarged.) 



Pig. 723 .— Fruits of Uinbelliferae in cross section. 1, FoenicvJnm 
capiUae&wtii. 2, jpimpimlla aiiii^tiiiL S,Conium maculaium. 
4, Coriandmm sativum t4 rnodified after a figure by Diutde). 


leaf form appears on the orthotropous shoots of older plants, which in late 
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wiunmcr or autunni Ijear the ilowers. The leaves of the creeping or climbing plagio- 
tropoiis shoots are lobed and usually have shorter stalks. Calyx with live pointed 
sepals corresponding to the five ribs on the inferior ovary. The corolla is 
greenish in tint ; the large disc on the ux^per surface of the ovary attracts the 
visits of flies and bees. The iruits ripen during the winter and become blackish- 
blue berries ; these are eaten by birds and 
in this way the seeds are distributed. 

Family 3. Ombelliferae. — 

Herbaceous plants sometimes of 
large size. The stem, which has 
hollow internodes and enlarged 
nodes, bears alternate leaves ; these 
completely encircle the stem with 
their sheathing base, which is often 
of large size. The leaves are only 
rarely simple ; usually they are 
highly compound. Inflorescence 
terminal, frequently overtopped by 
the next younger lateral shoot. It 
is an umbel, or more frequently a 
compound umbel, the bracts forming 
the involucre and partial in- 
volucres, or an involucre may be 
wanting. Flowers white, greenish, 
or yellow ; other colours are rare. 

K 5, 0 5, A 5, 0(2).- The sepals 
are usually represented by short 
teeth. The flowers at the circum- 
ference of the compound umbel 
sometimes become zygomorphic by 
the enlargement of the outwardly 
directed petals. Ovary always bi- 
carpellary and bilocular; in each 
loculus a single ovule which hangs 
from the median septum with its micropyle directed upwards and 
outwards. The ux^per surface of the carpels is occupied by a swollen, 
nectar -secreting disc continuing into the longer or shorter styles, 
which terminate in spherical stigmas. Fruit a schizocarp, .splitting 
in the plane of the septum into two fmrtial fruits or mericarps. In 
many cases the latter remain for a time attached to the carpophore, 
which originates from the central portion of the septum ; this separates 
from the rest of the septum and bears the -t^-jnearps hanging from its 
upper forked end (Figs. 722-728). 



Fi«. 7*24. C'arwm mrvr (;’• nat. si/o). iib 
florescence beariu.^ fViiits. Single llnwer, 
and carpophore bearing tbe jnericarps 
(eulargJid). Official. 


The main areas of distribution Umbel liferae are the 

stefipe r^’ion of Western Asia, Centr/^3orth America, Chile, and 
Australia, ' 


2xt 
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For systematic xmrposes the fruits are of great importance. Each half of the 
fruit has five ribs, beneath which the vascular bundles lie. The marginal ribs of 
each partial fruit frequently lie close together at the septum or they may be 
distinct ; they may resemble the three dorsal ribs or dilfer more or less from them. 
Between the five primary ribs four secondary ribs are sometimes present. Usually 



Fig. virom. Rhizome cut through longitudinally (|- nat. size). Fruit (enlarged). 

POJSONOVB. 

furrows (valleculaef occur between the ridges, and beneath each furrow a large oil 
duct (vitta) is found, extending the whole length of the fruit. On either side of 
the carpophore a similar oil duct is j>resent in the septum, so that each mericarp 
has six of these vittae (Fig. 1). In some species additional small ducts are 
present (Fig. 723, 2, 3). The fd’ of the fruit as seen in a cross section differs 
according to whether the diameii’o; is greater in the plane of the septnin or at 
right angles to this. The character of the marginal and dorsal ridges and tlie 
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presence or absence of secondary ridges or Yittae serve to distingiiisli the fruits, 
and are indispensable aids in determining the species. Since niaiiy of the 
fruits are employed in medicine or as spices, while others are poisonous, their 
distinction becomes a matter of importance. The endosperm of the seeds contains 
a fatty oil as reserve material. 



Fig. 726. —J', Oenantlie jisMosa (-^ nat, size). S, Group of fruits. 3, Single fruit (enlarged), 

/Vnsovous. 

Ill the following genera the endosperm is flat or slightly convex on the ventral 
side (Fig. '723, 1, 2). Pimpinella, Bnrnet-Saxifrage. P. anismn, Anise, is an 
annual plant, the seedlings of which exhibit increasing subdivision of the lamina 
in successive leaves. Carum carvi^ Garraway, has long , been cultivated (Fig. 
721) ; leaves bipinnate, the lowest pinnae resembling, stipules. The- large lower 
pinnules are usually placed horizontally on the vertical rachis of the leaf ; the 
terminal* pinnules are simple and linear. The terminal umbel, the flowers of 
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wMcli open first, is overtopped by the lateral umbels arising from tlie leaf-axils. 
Biennial. FocmcuMim (Bomiel) and Lemstimm (Lovage) have yellow flowers 
Petroselinuui (Parsley), Pastinam (Parsnip), JDcmmis (Carrot), ^(Celery) 

and Anethum (Dill), are used as vegetables. Ctoto (Water-Hemlock, Fig. 72o) 
SiuDi (Water-Parsnip), Ocnmithe (Fig. 726) and Benda, are marsli- or water-plants 
Aethusif: cynapium (Fool’s Parsley, Fig. 727) bas tbe ribs ot the iruit keeled 
umbels with three elongated, linear, involucral leaves directed outwards. All tin 
last-named plants are poisonous. ArehangeliGa officinalis is a conspicuous plan 


cfttapium (§ nat. size). B, Single umbel. C, Fruit (oulargeU). romoNOCs, 


.reacMtig'^'J^fght of 2 metres, with large bipinnate leaves provided with saccate, 

. sheatMti^.^l^s ; the greenish flowers are markedly protandroiis. 

7' iIbl thl'f^fowing genera the ventral side of the endosperm is traversed by 
n’a,'iongit^l^\ groove. Somidix, Anthriscus (Beaked Parsley), Chacrophylhmi 
Ibhervilh, mamlaiu7n, the Hemlock, is a biennial plant often of con- 

. *iiderahfef )^0i.t ; it is completely glabrous, the stem and leaf-stalks often with 
Ml hi- to tri-pinnate. The ultimate segments end in 

'is tip. Fruit with wavy, crenate ridges and without 

oil-ducte iA'-fihe valleculae. The whole plant has a peculiar, uiijdeasant odour 



, , , ess 


The ventral side of the endosperm is concave (Fig. 661, 4). Coriandrmn 
sativum is an annual plant ; flowers zygomorpliic owing to the enlargement of tlie 
sepals and petals at the periphery of the umbel. Fruit spherical ; meriearps 



Fifi. 72S, —Coni-um vumulatuifi (I- nat. size). Poisoxous. 


closely united, with ill-marked primary ridges and somewhat more distinct 
secondary ridges. 

Official. •— FerwZa foetida (Persia), asafetida. Dorema Ammoniaeum 
(Persia), ammoniaoum. Fimpinella anisum, anisi feuotus. Coriandrmn satknm, 
couiAKDiri FiiuoTUS. Foeniciilum capillaceum, foeniculi feijctus. Carurn 
carv% CAiiUi fructits. Garum copiicum, Anethum {Feucedanum) (jraveolcnSj 
AKETHI FEECTUS. 
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Series IL Sympetalae 

The common character of all Sympetalae is afforded by the 
perianth which consists of a calyx and a gamopetalous corolla. The 
flowers are, without exception, cyclic. The number of whorls is 
either five or four, and on this distinction the two groups Pentacydkae 
and Tetracydicae are based. The Sympetalae does not correspond to 
a single closely related group but is composed of derivations of a 
number of natural series which have attained a similar high condition 
by progressive reduction in the number of members in the individual 
whorls and in the number of the whorls. Thus the common character 
of a gamopetalous corolla is purely superficial. Though the distribu- 
tion of the various groups of Sympetalae in relation to those of the 
Choripetalae is not adopted here, this is for reasons of space and 
because the affinities of all the groups are not as yet certain. 

From what has been said it follows that the most natural arrange- 
ment is according to the height of organisation, ie. to the degree of 
reduction that has been reached. The Pentacyclicae are therefore 
placed first and followed by the Tetracydicae. 

A . Pentacyclicae 
Order 1, Erieinae 

Family 1. Ericaceae. — Evergreen, shrubby plants with small, 
often needle-shaped leaves. Anthers characterised by the possession 



Fro. 729 , — Arctostaphylos Uva ‘ursi. 1, Flowering branch. Flower in longitudinal section. 

3, Pollen tetrad. 4, Fruit. 5, Fruit in transverse section. (After Berg and Scpimidt.) Official, 

of an exothecium ” (p. 545), opening by pores or splits, frequently 
provided with horn-like appendages, on which account the group is 
also termed Bicornes. 
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Flowers 'wliicli are pentanierous in all five whorls 
are found in the species of lUioclocUndron or Alpine 
Rose, in Ledum pcdustQ'e, and Andromeda, \ all these 
have a capsular fruit derived from the superior ovary. 
Arctostapliylos U'cci ursi is similar, but the fruit is a 
drupe (Fig* 729). Pentainerous flowers with an inferior 
ovary wliich becomes a berry are found in the genus 
Vaccini'Lim (Fig. 730), P”. vif/U idea, Cowberry, V, 
myrtillus, Blaeberry. The remains of the calyx persist 
on the summit of the fruit. A reduction of the number 
of members of the whorls to four is met with in the 
genus Erica with a superior ovary, many si^ecies being 






. S 


fRj. m.—Pdlaquium Giittci. (| nat. size. After A. Meyer and Schumann.) 
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native to the Mediterranean region and the Caj)e. Erica telralix is di stingii isL ed from 
the closely related Heather, Oalluna 'culgaris by its corolla being longer tliaii 
the calyx both are abundant in Britain. 

OvmciA.-L.—A'rctosta^hylos Um ursi yields tjvae uksi folia. GauUhrria 
cumhens yields oleum gaulthektae. 

Order 2. Biospyrinae 

The Sapotaceae is a tropical family; the plants contain latex. Species of 
Falaqumm (Fig. 731) and Fayena from the Malayan Archipelago are tiie trees 
from which gutta-percha is obtained. Balata is obtained from Mi'nwsoi)s ; trees 
found throughout the tropics. 

Ebenaceae . — Diospyros Kaki is a Japanese fruit tree ; I). Ehenum, chon}". 

Styracaceae. — The origin of Benzoin (benzoikum), an official resin, from 
Styrax Benzoin, though generally assumed, is open to doubt. 



sale at dehiscence (en. I’m., mmyimnn. J, Kiiiir** ph|/!t /*, Fruit, 

larged). (After EEicmiNBAc'H.) Pomyor.-s. 
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Order 3. Primuliuae 

Faiuily 1. Priiim!aceae.--The tioral diagram (Fig. 732} shows only one wiioii 
of stamens, since tliese stand ox)posite the petals ; the outer whorl of stamens is 
absent : iti iiornuil Tetracyclicae it is tlie inner whorl tliat is missing. The h'ee- 
cent ml placenta tioTi is charaGteristic, The genus Frmmla is widely distributed ; 
the !>riti>h species show the superior uiiilocular ovary with, a single style, charac-, 
teristic of the family ; heterostylic. Anagallis {Y\g, 733), capsule opens by a lid. 
Cyclaiurn (Fig. 734). The uncooked tubers of Cyclamen and Anaijallis, and the 
glandular hairs of a number of species of Tpm/iwA/. {P. oh: onica, Corthum 
are poisonous. 

B , Tetracyclicaf 

1 . Ova/ry Su/pm'ioT 

The Ttfnwyrlkae have only four regularly alternating whorls in 
the flower. They can he divided into two groups of orders according 
to the [)Osition of the ovary. This is superior in the orders Gontortae, 
Tuldfiorae, and Personatae ; in ail these the ovary is composed of two 
carpels. The orders with an inferior ovary are the Kubiiiiae and 
Synatidrae. In the liuhiiiiae the carpels are as a rule two, but 
sometimes three or one ; in the Syiiandrae which are characterised by 
the united anthers, the carpels vary from five to three, two, oi* 
0!ily one. 

These common characters having been recognised, the families 
within the various orders may be dealt with. 

Order 4. Contortae 

Plants with decussate, usually simple leaves and actinomorphic 
flowers, the corolla of which is often contorted in the bud. Stamens 
epipetaloiis. 

Family 1. Oleaceae.—This is readily recognised by tlio two .stamens. The 
corolla, is usually tetrameroiis as is shown in the floral diagram of Syringa (Fig. 
73r>). Resides Ligu^frtm, Jasminmn, and Syrmga, 

Oku eurojwen, the Olive Trt?.e or Olive, is the most im- 
portant p]a.m: of the himily (Fig. 736). It is a native 
of the itieditciTaiican region, wlmre it is also cultivated. 

Tlift iiowm' and fruit corre.spoud to the type for the 
family (Fig, 737). The drupe contaims a fatty oil both 
in the succulent exocar]* and in tlie ciidosx»oi‘in (Fig. 

738). Fraxmns, the Ash, differs from the tyx)e of the 
order in having ]nuuate leave.s ; ,F. excelsior has 
apetalous, anemophilous flowers, wdiich appear before 
the leaves. F. omuS) the Flowering Ash, has a 
double perianth and is entoinophikms ; it is polygamous, having hermaphrodite 
dowers a.s well as fenmlc flowers with black sterile anthers ; the corolla is divided 
to the bas^. It is cultivated in Sicily for the sake of the mannito it yields. 

OvFWiM^,—OIea curo-paea yields oi.isUM olivae. 



Floral (liagrain iSiirivg<t), 




Family 2, Loganiaceae. 


Fir.. T?jC}.—-Olea etrropaea in fruit (i nafc. size). Official. 


•Species of Btrychnos, which are trees or lianes climbing 
by means of hook -tendrils, 
yield the well-known curare 
of South Amerioa, and tjje 
arrow poison used by the 
Malays. 

O'F'FiGiAiu—StTycimosnux 
vomica is a small tree or shrub 
of Southern Asia, the fruits 
of which are berries with a 
firm rind ; in the succulent 
pulp a small number of erect, 
circular, disc -shaped seeds 
are embedded (Fig. 740). It 
yields Niix vomica and 
STRYOHNINA. GeLSEMII 
RADIX is obtained from Gel- 
semium which is a 

native of North America. 

Family 3. Gentianaceae. 
— This is recognisable by the 
ujiilocular ovary and the 
clearly contorted corolla when 
in bud (Fig. 741). Qentimm 
is a genus with numerous 
sjiecies. Plants of larger or 
smaller size, esi^ecially abun- 
dant in the Alps. Flow^ers 
brightly coloured. This genus 
affords one of the best ex- 
amples of seasonal dinior- 
js phism, i.c. the splitting of a 

species into two closely related 
forms w’hich develop at 
different seasons. Since the 


Fio. ‘TS7.—-OIm eurnpam. A, Corolla spread out. 
B, Calyx and ovary in longitudinal section. (En- 
larged. After Estglur-Peantl.) 


'Fio.7SS.~~Olea eumpaea. Druiie. /i, Btone. 


height of the vegetative period of the alpine meadows coincides wdth their 
annual mowing, this expresses itself in the distinction of an early form, fruiting 
before the meadows are cut, and a late, form developing after this #ias taken 
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place p”). Mrythraea, Centaury. Bog-Bean, Limnanthcmu-ui. aquatic 

plants with floating leaves. 

OFFiCLAL.—Crcntiana luUa and other species yield gektiakae radix. Ciir rata 
is obtained from ;S-?,6*ar^m cAfraifa (N. India). 


Family 4. Apoeynaeeae. 
numerous in the tropics. 
Stigma ring-shaped. 
Carpels only united in 
the region of the style, 
free below and separat- 
ing after fertilisation. 
Usually two follicles 
with numerous seeds 
provided with a tuft of 
hairs (Figs. 744, 745). 

The only British species 
is Vinca minor, the ever- 
green Periwinkle, occurring 


-Evergreen plants with latex. Especially 




Fig. 7Sd,~Fraxinus onuis. 
Flower and fruit. 


Fig. 74:0.-~Strychnos mix vomica Q nat. size). Fruit and seed 
whole and in cross-section. Official and Poisofocs. 


in woods (Fig. 742). Nermm oleander (Fig. 743), a native of the Mediterranean 
region. The floating fruit of Cerhera Odollam, from the mangrove vegetation, is 
shown in Fig. 576. 

Official. — StrophantMis kombe and S. hispidus (Fig. 745), lianes of tropical 
Africa, yield stropuaxthi semina. A hark is obtained from Alstonia constricta 
and A. scholar is. 

Caoutchouc ('^-) is obtained from Afc/rcew elastica and other species, trees of tropical 
W. Africa. It is also obtained from numerous species of Landolphia {L. Kirkii, 
Ileudelotii, comorensis, etc.), Garpodinus from tropical Africa. Ilancornia speciosa^ 
a tree of the dry Brazilian Campos, and Willoughheia firma, W. flavescens, and other 
species of this Malayan genus of lianes, are also rubber-yielding plants. Gutta- 
percha is present in the latex of Tabcrnaemontaiut Donnell Smiikii, Central America. 

Family 5. Aselepiadaeeae. — Similar and closely related to the 
Apoeynaeeae hut differing in the carpels being free, only united by the 
prismatic stigma. Stamens united at the base, with dorsal, nectar- 
secreting^ appendages forming a corona. , The pollen of each pollen sac 
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is united into a pollimum, the stalk of which is attached to a glandular 
swelling (adhesive disc) of 
the angular stigma. These 
adhesive discs alternate with 
the stamens so that the two 
pollinia attached to each 
disc belong to the halves 
of two adjoining stamens. 

Visiting insects remove, as 
in the Orchidaceae, the poh 
linia and carry them to 
another flower (Fig. 746). 


Fig. lil.—Gmtiana lidm. aud 6, 

Flower -buds (nat. size), showing 
calyx (a) and twisted corolla (h ) ; 
c, transverse section of ovary. 

Official. (After Berg and 
Schmidt.) 

Viiicetoxicuvi officinale (Fig. 747) is a European lierb with inconspicuous white 
flowers and hairy seeds which are borne in follicles ; poisonous. Other forms are 
mostly tropical or sub -tropical. The succulent species of Stapelia, Hoodia, 
Trichocatdon, etc., which resemble Oactaceae in habit, and inhabit S. African 
deserts, and Dischidia rafflcsiana the peculiar pitcher plant of the Malayan 
region, the pitchers of which serve to condense water, deserve special mention. - 
Moya cariiosa is frequently cultivated. 

Official . — Hemidesmus indiciis yields hemidesmi radix. 

Order 5. Tuhiflorae 

Flowers pentamerous, actinomoi’phic, or zy gomorphic. Carpels 2. 
Ovary superior, filocular, with two ovules, which are frequently 
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separated by a false septum, in each loculus. The normal number o 
stamens is reduced in the zygomorphic flowers to four or two. Thi; 
order may be connected with the Gruinales and Rosiflorae. 


Fiq, TiS.—iSTeriWTn. oleander nat. size). Poisonous, 


Family 1. Oonvolvulaceae.— Many of the plants of this family are twining 
plants with alternate sagittate leaves and wide, actinomorphic, funnel-shaped 
corolla, which is longitudinally folded in the bud. Ovules erect ; fruit a capsule. 

Gonwlvulus arvensis, a perennial, twining, herbaceous plant occurring every- 
where by waysides, and as a weed in corn-fields. , Flowers solitary, long- stalked, 




mmw. 
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situated in the axils of the leaves and sometimes in the axils of the bracteoles of 
another flower. Ccdystegia h&B, two large bracteoles placed im mediately beneath 
the calyx. C. sepium. The Dodder {Guscuta) is a slender parasitic plant coii' 
tainiiig very little chlorophyll, which attaches itself by means of haiistoria to a 


Fig. "AQ.—Ascleinast'iLrassctvu'a. A, Flower; an, anclroeceum (x 4). B, Calyx and gynaeceurn 
fn, ovary ; Ic, adliesiv'’e discs (x 6). C, Pollinia (more highly magnified). (After Baillon.) 


Fig. 74:7.-~Vlncetoxicu'tn officinale Fig. 74:S.-^E.rogo)mm purga (| nat. size. After Berg and 

Q nat. size). Poisonous, ^ Schmidt), Official. 

number of different host plants (Fig. 221). Ipomaca, *. several species are cultivated 
as ornamental plants. I. iiescapraei^ one of the strand plants of tropical countries. 

Official. — Jalapa is obtained from Exogonium purga, (Fig. 748), a twining 
plant, with tuberous lateral roots, occurring on the wooded eastern slopes of the 
Mexican tableland. Ipomaea hcdcraGea, I, orizab, crisis, I, turpethum. Scam- 
MOXTAE HA%TX is thc dried root of Convolvulus Scammoma (Asia Minor). 
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Family 2. Boraginaeeae. — Contains herbs usually covered with 
coarse hairs. -Syin])hytwm (Comfrey), Borago (Borage), Anchusa (Alkanet), 
Echium (Bugloss) (Fig. 750), Myomtis (Forget-me-not), are among the 
commonest and most conspicuous herbaceous plants of our flora * all 
have entire, alternate leaves, covered with harsh hairs and relatively 
large flowers of a lighter or darker blue, grouped in complicated 
inflorescences. Flowmrs actinomorphic or zygomorphic. Petals fre- 



Fifi. t49.— a, Fig. Tol.—Floral diagrams of {A) Verhemt uffidnali^ (sdte,v 

Flower ; 5 and c, fruit (riat. siaie). Eiciiler), and (B) Lamiam (Labiatae) (after Noll). 


quently provided with scales standing in the throat of the corolla. 
Ovary always bilocular but divided by false septa into four one-seeded 
nutlets. The style springs from the midst of the four-lohed ovary. 

Family 3. Verbenaeeae.-^ — Clearly dorsiventral flowers, with only 
four stamens ; the ovary contains, only four ovules (Fig. 751), but the 
style is terminal. Tectona graiidis^ Teak-ti*ec ; Avicennia (^^) a vivipar- 
ous mangrove plant. 

Family 4. Labiatae. — Distributed over the earth. Herbs or 
shrubs vrith quadrangular stems and decussate leaves wdtliout stipules. 
Leaves simple ; plants often aromatic owing to the presence offgiandular 
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hairs. Flowers solitary in the axils 
of the leaves, or forming apparent 
whorls. The small inflorescences 
are dichasia dr double cincinni, 
and are often united in larger 
spike- or capitulum-like inflores- 
cences. Flower zygomorphic (Fig. 
751). Calyx gamosepalous, with 
five teeth ; corolla twodipped, the 
upper lip consisting of two, the 
lower of three petals; stamens in 
two pairs, two long and two short, 
rarely only two {Salvia^ lios 
marinus). ' The ovary (Fig. 751) 
corresponds to that of the Bora- 
ginaceae ; it has a ring-shaped 
nectary at the base. 

The Labiatae include a considerable 
proportion of our commonest native 
spring and summer flowers ; Zmiium, 
Galeoiisis (Fig. 752), and Stachys have 
the upper lip helmet-shaped, Jjuga has 
it very short, while in Teucrium the 



Fio. 752 . — Ckileopsis ochrolcuca. a, Flower ; b, tlie 
same with calyx removed ; c, corolla cut open, 
showing stamens and style ; d, calyx and 
gynaecoign ; e, fruit, (a, b, nat. size ; o, d, 
e X 2.) 



Fio. 753,— tJem G nat, size). 
Official. 
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The Personatae are of common origin 
with the Tubiflorae. The flowers are actino- 
morphic or zygomorphic. There are, how- 
ever, no false septa in the ovary, and the 
her of ovules is usually a larger one. 

Family 1. Solanaeeae. — Herbs or small 
woody plants, with nearly always • actino- 
morphic flowers. Petals plaited. Ovaiy 
bilocular, septum inclined obliquely to the 
median plane. Ovules numerous, on a thick 
placenta (Fig. 755). Fruit, a capsule or a 
berry. Seeds with 
endosperm ; embryo 
usually curved. 
Anatomically the 
order is character- 
ised by possessing 
vascular 


Many species of 
Bolcmtim occur as 
weeds. Flowers actino- 
morpliic ; fruit a berry. 
B, nigrum, Night- 
sliade. 8* dAani am, 
Bitter-sweet (Fig, 756), 
is a shrubby plant, 
climbing by means of 
its stems and petioles, and especially common in thickets by the*"- banks of 


Fia. 76-i.~Salvia offldmVis, Flowering shoot (|- nat. ske). Tuhular 
corolla slit open to display the stamens (enlarged). 


upper lip is deejdy divided. 


Naj^eta and OlecTmna dilier from the majority of 
the order, in having the posterior stamens longer 
than those of the anterior pair. Balria, Sage, 
has the two stamens that remain peculiarly con- 
structed in relation to pollination (Fig. 764, cf. Fig. 
528). Many Labiatae are of value on account of 
their aromatic properties. They are especially 
abundant in the xero phytic formation of shrubby 
plants in the Mediterranean region to which the 
name Maquis is given. 

Q'S¥lGlKJJ.^^liosma^nnus officinalis yields oleum 
iios::\iAPJKi. Lamndula vcra (Fig. 753) (Mediter- 
ranean region), OLEUM LAVANDULAE. Mentha 
piperita, oleum menthae pipeuitae. M. mridis, 
OLEUM MENTHAE VIRIDIS. il/. itrmnsis and M. 
piperita yield menthol. Thymus milgaris and 
Monarda punctata yield a’HYMOL. 


Order 6. Personatae 
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streams and similar situations. aS'. tuberosum^ t\\Q potato. lAjcoiursicu/ra. tl-e 
tomato. On graft-hybrids, periclinal cliimaeras and gigas-forms of Solan irnK^ of. 
p. 299 and H. Winckler (’^^). The Deadly Night- 
shade, Atropa belladonna (Fig. 757), a very poisonous 
shrubby plant occurring in Europe, is recognisable 
by the actinomorphic flowers, with a short, wide, 
tubular corolla of a dirty purple colour. The main 
shoot is, to begin rvith, radial, but branches below the 
terminal flower into, as a rule, three equally vigorous 
lateral shoots, ■which exhibit further cicinnal branching. 

By the carrying up of the subtending bract upon the 
lateral shoot an appearance of paired leaves is brought 755.— Solanaceae, Floral 

about. Oapsimvi mmuum, Spanish Pepper, has a dry, (.Petunia). (After 

berry- like fruit. It resembles in its branching 

and the position of its leaves. Datura Stramonium^ Thorn-apple (Fig. 758), is 
an annual plant, widely spread in Europe, Asia, and N. America. It has 




Fig. 756. — Solanum dulcamara (| nat. size). Poibonovs. 


incised, palmately- veined leaves, large, -white, terminal flowers, and spiny 
fruits. Nicotiana tabacum (Fig. 759) is a South American plant with numerous 
cultivated varieties. Its large alternate , leaves, which hear numerous glandular 
hairs, fc^sm tobacco, after being dried and prepared. Ryoscyam%is oiiger, the 
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Henbane (Fig. 760), is an annual plant occurring in Central Europe, Xortli Africa, 
and Western Asia. The leaves are clothed with glandular hairs. Flowers slightly 


Fig. 7o7.—Atropa beUadonm nat. sue). Official and Poisofocs. 

zygoinorphie, of dull yellowish-violet colour with darker markings ; inflorescence, 
a cincinnus. Fruit a pyxidiuni. 

All Solanaoeae are more or less poisonous partly on account of the presence of 
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Pig. 758 . — Batura Stramonium (^ nat. size). Mature fruit after dehiscence. 

Official and Poisonous. 

Atropa,^atu7'a, jEfyoscyanius, and Nicotiwna ai’e among tlie most poisonous plants 
met with in tins country. , , 
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Official. — Capsicum 
minijiiv/m yields capsici 
FRL'CTU s. Ab’opa hclla- 
cloiina yields bella- 
DOXNAE FOLIA, BELLA- 
DOXXAE .RADIX, and 
ATKOPrxA. Datura Stra- 
m 0 n i u m , s t k a m o x i i 

SEMINA and STBAMONII 
FOLIA. D. fastuosa, D. 
met el. Ilyoscyamus uiger, 

HYOSOYAMI FOLIA. 

Family 2. Serophu- 
iariaeeae. — Flowers 
zygom Orphic. Corolla 
not plaited in the bnd. 
Number of stamens 
nearly always incom- 
plete. Carpels median. 
Fruit, a bilocular cap- 
sule. 

Verhasemn (Fig. 761), 
the Mullein ; biennial 
herbs, which in the first 
season form a large rosette 
of woolly leaves from 
which the erect inflores- 
cence arises in the second 
year. The single flowers 
have five stamens, and 
are only slightly zygo- 
morphic ; the three pos- 
terior stamens have hairy 
filaments, and are further 
distinguished from the 
two anterior stamens by 
the transverse position of 
their anthers. Linaria 
and Antirrhhmru have a 
two "lipped corolla with 
four stamens. Digitalis, 
Foxglove (Fig. 76*3), has 
an oblicpiely camjpanulate 
corolla and four stamens. 
The flowers hang from 
one side of the ascending 
raceme, which is produced 
in the second year. Grati- 
ola and Veronica with 
only two ^rtile stamens. 


— Oro6ftnc7ie mitioT, parasitic on Trifolium repens 
nafc. size). Single flower (enlaj-ged). 




2. Ovary Inferior 

Order 7 . Rubiinae 

:' 3 J -a "3 “ .a. 

Dwers. -o^x s^hriibs, or trees, with simple 

Js^'l^^rsyute ri™. Ov.r, 

““it to- native Eubiace 

(spei Hla tbTstipuleV to the leaves ; usually a tvhorl of 

,y the resemblance of the stit sometimes it is reduced 

“ ^itttupul.^ iu palest the .u»b.., »ay, 

T2Z. "‘f - 

timbers, and epiphytes. One in the mountains of nearly all 

yenns from the S. Ame«can deciduous. Flowers in terminal pamoles . 

U’opioal colonies (Fig- 76o). P , terminal portion fringed at the iiiargii . 
sorolla tubular, with an expanded t ^ 1 ^ p, a 

Fruit, a capsule with ivinged ./^ve important economic plants 

shrub; 0. araHca ^ cultivated throughout the tropics. Ihe 

originally derived from Afu , becomes differentiated into a succulent 

fruits are g„docarp which encloses the two seed.s with their tliin 

exocarp and a thin stony /“P^^^.^^ans. The noteworthy tuberous epdihyOo 
silvery seed-coats. These aie have also succulent fruits; accoidni^ 

pLi. m‘W<r ^Cftfrutiii* o» ‘1'““ 
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adotted a more or less completely 1’““^°^.®, jf- no trace of chlorophyll; 

n r sT c form is Lathraea P). the speeds “t ^ Hazel. Many [e.g. 

nni-nent materials. . . ^ ^,r.Tq'ATT^ folia. Picorhiza Jcuri oa. 

“iSs Tiw ..p..™ .«4 -bb... 

insects. Litorclla. laeustris. Planiago. 

riantll anemophilous. and protogynous. 

h T ^VlfimiruiO OWttd* • 
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logical interest on account of the nitrogen-fixing bacteria harboured lu their 
leaves. The association is higher than that of the Legnrainosae with the bacteria 
in their root- nodules in that the bacteria here are present in the seeds and are thus 
handed on to a new generation. 

Official. — Qinchona succiruhra yields cinchonae eubiiae cortex. Quinine 


' Fig. 7^6— Cinchona succiruhra (nat. .size). Official. (After Schumann and Arthur Meyer.) 

is obtained from this and other species of Cinchona, Uragoga {Psychotria) 
Ipecacuanha yields ipecacuanha. Catechu is obtained from Ouroiiparia 
{Uncaria) gamhir. 

Family 2. Caprifoliaceae. — Woody plants, usually without stipules. Vihuruiwi 
has actinomorphic flowers with a trilocular ovary. The fruit contains only one 
seed. The^sterile marginal flowers, which are alone represented in cultivated forms, 

2 z 
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serve as the attractive apparatus. jSambucus^ Elder, has imparipirmate leaves, 
glandular stipules, and actiiiomorphic flowers. Zj^gomorphic flowers are found in 
the Honeysuckle {Lonicera perwlymenum\ one of our native lianes ; the long- tubed, 
sweet-scented flowers are attractive to long - tongued Spiiingidae. Dicrvilla 
( a favourite ornaniental shrub. 

Official. — Vihimmmyrmiij^oUu'ni. 

Famil}^ 3. Valerianaceae, — Herbs or small shrubs, with decussately- arranged 
leaves and asymmetrical flowers. Calyx only developed on the fruit as a “ pappus, ’ 



Pig. 76G,— Cmc/ifma succimhra. A, Flower. B, Corolla split open. C, Ovary in longitudinal 
section. D, Fruit. E, Seed. (i> nat. size, the others enlarged.) (After A. Meyee and 
Schumann.) Official. 

i.e. a feathery crov;n assisting in wind-dispersal. Valeriana, the Valerian (Figs. 
769, 770), has a spurred pentamero us corolla, three stamens, and three carpels, only 
one of which is fertile. 

Official. — Valeriana officinalis yields Valerianae rhizoma. V. Wallichii. 
Family 4. Dipsaceae. — Herbaceous plants with opposite leaves and tetramerous 
or pentamerous actinomorphic or zygomorphic flowers. The individual flowers 
have an epicalyx which persists on the fruit and serves as a means of dispersal ; 
they are associated in heads surrounded by sterile bracts. 

Dipsams, the Teazel, has recurved hooks on the involucral and floral bracts. 
Corolla with four lobes, four stanaens, and one carpel containing a pendj|,ilous, ana- 
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tropous o%’-ule ; endosperm present in the seed (Pig. 771). Siiccisa (Fig. 
has a four-lobed corolla ; bracts are present on the common receptacle. Scahiosa 



Fig. 707.— G'o/ea arabica (-1 nat. size). Single liower, fruit, seed enclosed in eiidocarp, and freed 
from it (about nat. size). 

has the marginal flowers of the head larger and dorsiventral. Knautia has 
tetrameroiis flowers ; no floral bracts. 

Order 8. Synandrae 

The common character of this eighth and last order is found in 
the fact that the stamens in one way or another are fused or united 
together. The flowers may be actinomorphic or zygomorphic. 

Family 1. Cucnrbitaceae. — This family, in the frequently incomplete syinpetaly 
it exhibits, sliows a relationship to the Choripetalae, although to groups which 
have not been mentioned in this short sxtrvey. The Cucurbitaeeae include 
herbaceous, coarsely hairy, large-leaved plants. Flowers diclinous ; monoecious 
or less commonly dioecious. Calyx and corolla adherent below. Anthers united 
in pairs oiPall coherent; c/D-shaped. Ovary trilocular( Fig. 77S). Fruit, a berry, 



Fig. ‘les.—Uragoga Ipecamanlia nat. size). Infrutescence by the side. Official. 


Fig, 709. — Valeriana officinalis. % Flower (X 8); &, fruit 
(enlarged). Official. , 


P^ig. 770. — Valeriana. Floral 
diagram. (After Noll.) 
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with a firm rind. The branched or nnbranclied tendrils coiTesporid in their lateral 
position to a bract. Oucumis saMmis, the Cucumber, and Gutumis Melo, tlie Melon, 
are commonly cultivated. The Cucumber is parthenocarpic (^®), i.e. pollination of 
the Kstigma is not necessary for the setting of the fruit. OneurUta P&im, the 
Pumpkin. Pryoniciy Bryony. Gitrullus ColocyntMs is a, perennial plant inhabiting 



Fuj. TTl. — Fruit of Dvpsams 
JuUonum in longitudinal 
section. ’ hk, Calyx tube ; 
end, endosperm ; em-, em- 
bryo. (After Batllon.) 



J'lG. 772. — Succisa pratensis. a, Flower with epicalyx ; 
6, the same after removal of epicalyx; c, fruit in 
longitudinal section ; /, ovary ; hk, epicalyx. (After 
H. SCHENCK.) 


the Asiatic and African deserts north of the equator. Leaves deeply three-lobed and 
pinnately divided. Tendrils simple or forked ; male and female flowers solitary in 
the axils of the leaves. The fruit is a dry bei'ry (Fig. 774). Ecballium elateriurn. 

Official. — Gitrullm colocyntMs yields colocynthidis pulpa. Cucurhita 
maxima, seeds. 

The association of the following families with the Cucurbitaceae is only 
possible on the morphological character 
afforded by tlie united anthers. A 
real relationship must not therefore 
be assumed, especially since the in- 
vestigations of Kratzeu have shown 
how various is the course of develop- 
ment of the seeds. There Avas, how- 
ever, no better place in this short 
systematic account to treat of the very 
isolated Cucurbitaceae. 

Family 2. Campanulaceae, Herbs ^ female flower. (After 

with milky juice ; flowers actino- Kichler.) 
morphic ; ovary as a rule trilocular 

or pentalocular. The stamens are inserted on the floral axis and have their 
anthers joined together. The genus Cam}}amda (Figs. 775, 776) has a number of 
British species with blue bell-sbaped flowers. Phyteuma has spike-like inflores- 
cences, the petals only separate near the base. Only after the pollan which has 
been shed in the hud has been swept out by the hairs on the style (^'•^) do the 
petals open and the arms of the stigma spread apart. Jasione has capitulate 
inflorescences resembling those of Compositae, 

Familj 3. Lobeliaceae differ from the Campanulaceae in the zygomorphic 
flowers and two carpels. The median sepal is anterior and comes below a deep 



710 


BOTAKY 


PART II 


incision in the corolla. The normal position is assumed by torsion of the whole 



Fig. 774 . — Citrullus colocynthis nat. size). 1, Shoot with male and female flowers. 2, Aiiex of a 
shoot with a male flower-bud and tendrils. Male flower with corolla spread out. U, Female 
flower cut through longitudinally. Young fruit cut transversely. Official. 


flower through ISO® or inversion of the flower (Fig. 777). In Britain Lobelia 
Dortmamia^ an aquatic plant of northern regions, has a similar habit to Litorella. 

Official. — Lobelia injlaia from N. America (Fig. 778) yields lobelia. 
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Family 4. Compositae. — Distributed over ,tbe whole earth. For 
the most part herbs of very various habit ; some tropical forms are 
shrubs or trees, e.g. Senecio Johnstoni. The flowers are associated in 


Fig. 775.— Floral diagram of Campanula 
viediu7)i. (After Eichler.) 


Fig. 776. — Campanula rotundifoUa. a, Flower 
&, the same cut through longitudinally. 
(Nat. size.) (After H. Schenck.) 


Fig. 777.— Floral diagram of Lobelia Fia. 778.— Lo&eZia inflata. Upper por- 

. fulg&ns. (After E ichler.) tion of plant with hower.s and fruits. 

heads. The single flowers are actinomorphic or zygomorphic. Stamens 
five ; anthers introrse, cohering by their cuticles to form a tube 
(Fig. 779) which is closed below by the unexpanded stigma. The 
pollen is shed into the tube formed by the anthers and is swept out 
by the ^.^brush-like hairs of the style as the latter elongates. The 
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style is bifid above. anatropous (Fig. 780 ). Seed 

exalbuminous. The fruits are achenes, often bearing at the upper 
end a crown of hairs, the 
pappus. This corresponds 
to the calyx and aids in 
the dispersion of the fruit ^ . n 

by the wind (Figs. 780, Vit 




Fkj. 779.—Conii)Ositae. Floral 
diagratn (Gdrdmis). 


Fig. TSO.’—ArnicM montana. a, Raydlower ; h, disc- 
flower ; c, the latter cut through longitudinally. 
(After Berg and Schmidt, magnified.) 


785). As a reserve material in roots and tubers (Fig. 205) inulin 
as a rule is found ; in the seeds aleurone grains and fatty oil. 

The individual flowers are either radially symmetrical with a five-lobed corolla 
(Fig. 780, h, c) or they are two-lipped as in the South American Mutisieae, the 
upper lip having two teeth, the lower three. By suppression of the upper lip 



Fig. 7S1.— Longitudinal section of capitulum— -a, ot Lappa major with floral bracts ; of jifairicana 
ChamomUla without floral bracts. (After Berg and Schmidt, magnified.) 


flowers with a single lip are derived ; such flowers exhibit three teeth at the tip (Fig. 
780 a). The ligulate flowers {e.ff. of Taraxacum) are similar in general appear- 
ance to the latter ; the corolla is here deeply split on one side and its margin 
bears five teeth. In addition to those Compositae which have only ligulate 
or only tubular florets in the head, there are many which have tubular florest 
(disc-florets) in the centre, surrounded by one-lipped florets (ray-florets)7 These 
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usually differ from one another in sex as well as in colour ; the disc- florets are 
hermaphrodite, the ray-florets purely female. The flower-heads are thus ketero- 
gdjRom {Matricaria^ Arnica). Lastly, the marginal 
florets may be completely sterile 

and serve only to render the capitiiluni conspicuous Ij'n 

to insects. 

One series of genera has only tubular florets in I 

the head. Oarduus (Plumeless Thistle), pappus of ; 

simple, hair- like bristles (Fig. 783). Oimwm, with ' j; 

feathery pajipus. JfcAmops, with single-flowered , |,i jj 

capitula associated in numbers. (Burdock), • =i || 



Fla. 782 . — Arnica montana. a, Receptacle of capi- 
tulum after removal of fruit ; b, fruit in longi- 
tudinal section, tlie pappus only partly shown. 
(After Berg and Schmidt, magnified.) 





Fig. 7S3. — Androecium of 
Carduus cnsp^ls (x 10). 
(After Baillon.) 


involucral bracts with recurved, hook -like tips (Fig. 781 a). Oynara Scolymns 
(Artichoke). G^iicus henedictus (Fig. 786), capitula solitary, terminal, surrounded 
by foliage leaves. Involucral bracts with a large, sometimes pinnate, terminal 



spine and a felt of hairs. Gentaurea Viith. dry, scaly, involucral bracts and large, 
sterile, marginal florets. 

Other genera have only hermaphrodite ligulate florets in the cajiitulum, 
and have latex in all parts of the plant. TaraxoLcnm officinale, (Dandelion) is 
a commo^x plant throughout the northern hemisphere. It has a long tap-root, 
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Pig, 789 . — Tiissilago Far/aru. (After Baillon.) 
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(Edelweiss), etc,, the dry iiivolucral bracts are coloured. Hdimiilcu 

amiuus (Sunflower, Fig. 784hrl), H. tiLheroms (Jerusalem Artichoke). Do hi in 
from America and in cultivation. In Britain Bidens ; her])s with opposii 


leaves, sometimes heterophyllous. AcMUea^ Milfoil ; A. moschata and A, atrata 
are corresponding species of the Alps, the one on limestone and the other on schists. 
Anthemi^ noUlis, capitula composed of disc-florets only, or wdth these more or 


Fig. 790.-~Arnica mo7itam nat. size). Official. 
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less repla-ced by irregular florets. Amcyolus offidnarum. Maldatna Chamomilla 
(Chamouille, Figs. 781 h, 787) is an annual copioiisly-branclied herb with a bollow, 
coiiieaL common receptacle, yellow disc-florets and white, recurved, female ray- 
florets, in the terminal capitula. Chrysanthemum, G. scgctmn. Tanacetnm, flowers 
all tubular, marginal florets female. Artemisia has all the florets tubular and 
usually the peripheral ones female {A, Absinthium, Wormwood) ; in the few- 
flowered capitula ot A, Gina (Fig. 788) all the florets are hermaphrodite. 

Tussilago Farfara, Coltsfoot, flowers appear before the leaves ; the flowering 
stem bears scaly leaves and a single capitulum (Fig, 789) ; the flowers stand 
on a smooth receptacle and have a fine white hairy pax)pus. Female flowers at 
periphery in several series. Leaves large, cordate, thick, covered beneath with 
white hairs. Fetasites officinalis, Butter-Bur. Aenecio, plants of diverse habit, 
including some trees and succulent plants ; of world-wide distribution. A. mil- 
(jaris has no ray-florets but only tubular hermaphrodite florets. iJonmicum, 
Cineraria are commonly cultivated. Arnica montana (Figs. 780, 782, 790) has 
a rosette of radical leaves in two to four opposite pairs and a terminal inflores- 
cence bearing a single capitulum : from the axillary buds of the two opposite 
bracts one (rarely more) lateral inflorescence develops. Galendala and Dlmorpho- 
thcca have the fruits of the capitulum of varied and irregular shapes. 

OFFicixiu—Anacyelus Fyrethrum yields pyrethri radix. Saxtoxixdm is 
prepared from Artemisia maritima, var. Atechmanniana. Anthemis nohilis yields 
ANTHE.MKDIS FLORES. Taraxacum officinale, taraxaci radi-x. Arnica montana, 
ARNiCAE RHizoMA. GvindeUa camporum. 

Sub-Clabs II 

Monoeotylae 

The Monocotyledons, or Angiosperms whicli possess a single 
cotyledon, are in general habit mostly herbaceous, less frequently 
shrubs or trees. 

In germination the radicle and hypocotjd of the small embryo 
emerge from the seed coat, while the sheath-like cotyledon usually 
remains with its upper end within the seed and absorbs the materials 
stored in the endosperm, which is usually wxll developed. The 
growth of the main root is sooner or later arrested and its place 
taken by numerous adventitious roots springing from the stem. In 
the Grasses these are already present in the embryo within the 
seed. Thus a single root system derived by the branching of a 
main root, such as tlie Gymnosperms and Dicotyledons possess, is 
wanting throughout the Monocotyledons. 

' The growing point, of the stem remains for a longer or shorter 
time enclosed by the sheath of the cotyledon. Later it bears in 
two -ranked or alternate arrangement the leaves, whicli have long 
sheaths and continue to grow for a considerable time at their bases. 
The growth of the stem is often limited ; branching is in many cases 
entirely wanting, and rarely results in the development of a highly 
branched shoot-system. The leave's are mostly sessile and parallel- 
veined, and of a narrow, elongated, linear, or eliipticaj^ shape 
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(Fig. 791). The pinnate or palmate leaves of the Palms ami the 
perforated leaves of some Araceae are due to the perisliing of uel'hrite 

poi-tions of the lamina during de- 
velopment. 

Anatomically the Monocotyle- 
dons are characterised by their 
closed vascular bundles in which 
no cambium is developed ; these 
are uniformly scattered in the cross- 
section of the stem (cf. Fig. 109). 


Fig. of Polygomtum miiUiJlorum Fig. 792.— DiagTarn of a typical Mono- 

with parallel venation (it nat. size). cotylecionous flower. 

Secondary thickening is consequently wanting in Monocotyledons, 
and in the rare cases in which it is found results from the formation 
at the periphery of the central cylinder of additional closed bundles 
embedded in ground-tissue (cf. p. 142). 

The flower in the Monocotyledons is usually pentacyclic and has 
two whorls constituting the perianth, an androecium of two whorls, 
and a gynaeceiini of a single whorl. The typical number of members 
in each whorl is three. The two whorls of the perianth are usually 
similarly formed and thus constitute a perigone (Fig. 792). The 
horal formula of such a flower is P 3 ■+• 3, A 3 -i- 3, G (3). 

(a) Flowers actinomorphic 

Order 1. Helobiae 

This order includes only aquatic or marsh plants. The radial or 
actinomorphic flowers have the gynaeceum frequently apocarpous and 
composed of two whorls of carpels, which develop into indehiscent 
fruitlets or follicles. Seeds exalbuminous ; embryo large. The order 
connects by its floral structure the Monocotyledons with the Poly- 
carpicae (cf. p. 630) (^^). 

Family 1. Alismaceae. — Widely spread in the warm and temperate zones. 
Alisma PlantagOy SagittaHa sagittifoUa, and Bntomus iimhellatus have long- 
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stalked panicles or umkels. and occur as marsh plants. The individual flowers 


n^us one Fig. m,-Sagittaria sagimoha, a, laower ; o, iruii] anier 
1 (After removal of some of the carpels. (Magnitied ; h, after 

Engler and Prantl.) 

a white (in Butomus, reddish) corolla. Androecium, with six or 


Fig. 7%.^P<>tamgeton naians. Flowering shoot. nat. size.) 

Gy-aaeceuin apocarpous, vs/ith six or many carpels that may be in 
illv arranged (Mg. '793). Bagittaria is monoecious with flowers that, 
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by suppression of stamens or carpels, are unisexual. Male flowers, with niiriieroiis 
stamens and sterile carpels; female flowers, with staminodes and numerous tree 
carpels inserted on the convex floral receptacle (Fig. 794). Leaves in Butom/us, 
linear, channelled, and triangular in cross-section : in Alisma and Sagittarmf 
long-stalked with spoon-shaped and sagittate leaf-blades respectively. Individuals 
of both genera growing in deep flomng water have long ribbon -shaped leaves, 
similar to those that appear as a transition type in germination ; such plants do 
not flower. 

Family 2. Potamogetonaceae.—Many species of Potamogeton are distributed 
over the earth in standing or flowing water. Leaves usually submerged, with a 
long sheath, slit on one side, formed from the axillary stipules. P. natanSf 
the common Pond-weed (Fig. 795), at the time of flowering has usually only float- 
ing leaves, the cylindrical, submerged water-leaves having disappeared by then. 
liu^Jina maritima and ZaiiicluUia palustris grow in brackish water. Zoster a 
marina^ Grass- wrack, occurs commonly on all north temperate coasts and is used 
for stuffing cushions. 

Family 3. Hydrocharitaceae. — Hydrocharis morsm ranae and Btratiotes aloides 
are floating plants occurring in Britain, which are vegetatively propagated by 
runners ; they pass the winter at the bottom of the water, in some cases as special 
winter buds, and grow up again in the spring. Flowers dioecious ; entomopliilous. 
The male flower has several trimerous whorls of stamens ; the female flower 
possesses staminodes and two trimerous whorls of carpels. Pallisneria spiralis^ a 
fresh -water plant of the tropics ex- 
tending to the Italian lakes. Elodea 
canadensis, the Canadian water -weed 
(hydrophilous, cf. p. 553). 

Order 2. Liliiflorae 

Flowers actinomorphic, com- 
posed of five whorls, with superior 
or inferior ovary. Both whorls of 
the perianth developed alike (Fig. 

792). Only in the Iridaceae is 
one whorl of the androecium sup- 
pressed. The gynaeceum varies 
in position, but it is always formed 
of three carpels and in most cases 
has a trilocular ovary. 

Family 1. Juncaceae. — Plants of 
grass-like habit. Flower of complete m.-Jrnicm lamprocarpu,. a. Part of au in- 
Liliaceous type ; with scaly perianth, tiorescence ; single flower (6) and gynaeceum 
Wind-pollination. Pollen grains united (c) magnified, 
in tetrads. Ovary superior, uni- or tri- 
locular, bearing three long papillose stigmas. Endosperm floury. Fruit a capsule. 
Distributed in the temperate zones of both hemispheres. 

FTumerous species of Juncus (Rush) occur in our flora, in marsby ground ; the 
leaves are cylindrical and have large intercellular spaces. The clusters of small 
anemopliilous flowers (Fig. 796) are borne on the end of a shoot, but are often dis- 
placed to^/he .side by the bract which continues the line of the axis. Fruits with 
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. 799, — Ornit7togalum unhcUatwm: a, Eiitiro plant (reduceiJ); 
(nat. size) ; c, flower, part of ])ei-igoTie ami aiidropcium removed 
e, fruit in transverse section, (c-emagniiied.) 


Fig. 79S.—Urgima scilla 
(about nat, size). 
Official. (After Berg 
and Schmidt.)# 
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nuiuY seeds. Luzida, with flat leaves and three- seeded fruits, one of the earliest 
spring-flowering plants. 

Family 2. Liliaeeae.- 
pei'ianth. Eutomopliilous. 


-Typical flower, with coloured, conspicuous 
Ovary superior. The fruits are septicidal 


-AIo'r sjmiosa and Aloe ferox. With, in llui latter, T)ranc]ic<1 inflorrsennet's, 
(After Warloth.) 


or locidicidal capsules, or berries. Seeds numerous. Endosperm 
horny or fleshy. 

The majority of the Liliaceae are perennial herbs with bulbs, tubers, or rhizomes. 
They mainly inhabit the warm temperate regions. Golchieum mdumnahy the 
Autumn Crocus {Fig. 797), is a perennial herb growing in meadows. If a plant is 
examined in autumn at the time of flowering, the corm {h), to the- base of which is 
attached the lateral shoot bearing the flowers, will be seen to be enclosed in 
brown envelope. The lateral flowering shoot bears at its base threc^ sheathing 



DIF. II 


ANGIOSPEEMAE 


leaves not separated by elongated internodes. In the axil of tlie tbi'nl of these is 
bud which will form the flowering shoot of the next season. In s}»riiig the reserv;’ 
materials from the conn are absorbed and the old corm is puslied aside by ihe 
SAVollen internode wdiicli in its turn enlarges to form a new conn. The tliri'O 
foliage leaves expand their long, channelled, dark green laminae above tln^ sc.il ; 
their sheathing portions closely surround the axis. The latter beai’s tiie iVnits, 
which contain numerous, spherical, black seeds ; these are liberated by the 
dehiscence of the capsule at the sutures (Fig, 797 /). Verairura album is a con- 
spicuous herb with a rosette of large, elliptical, longitudinally-folded leaves, I'lie 
growth of the main axis is terminated by ah inflorescence, whicli is a [janiclo inert* 
than a metre in height ; the leaves borne on it have long sheaths and diiuinisli in 
size from below upwards. The greenish-white flpwei's are polygjunous. Schucuo- 
cmilon {Saladilla) oJ/lciiinlG, a bulbous plant 
of the Andes with grass-like leaves, has also 
sopticidal capsules. 

Such popular flowers as Tiilvpa (Fig. 204), 

IlyaeinthuSf Lilitim (Fig. 207), Muscariy and 
Scilla, and vegetables as Allium, together 
with Urginca (Fig. 798), which occurs in the 
Mediterranean region, have on the other hand, 
without exception, loculicidal capsules. Omi' 
ihogedum umhellatum (Fig. 799 a-e) will serve 
as an example of this group. In autumn the 
plant consists of a bulb, each of the fleshy 
scales of which has a scar at the upper end. In 
the axil of the innermost scale is the stalk of 
the spent inflorescence together with a young 
• bud bearing a number of leaves. Flach of these 
leaves is provided with an embryonic lamina, 
while the continuation of the shoot is the 
embryonic inflorescence. In spring the leaves 
grow into long linear structures, and, together 
with the inflorescence, appear above ground. 

The inflorescence is sparingly branched ; the m.-AM soadrhuK A, Iniion^.s 
white flowers have a triiocular ovary hearing cence. i?. Flower. 6', Ovary in eross- 
a common stylo. The upper parts of the section, 
leaves wither, while the basal portions become 

swollen and fleshy and stored with reserve materials; the scar at the upper part 
of each scale marks the place of separation of the leaf-blade. The annual course 
of development is essentially similar in other bulbous plants. Tiie vegetative 
period is I’estricted to a few months, while during the cold or, in the numerous 
bulbous plants of warm-temperate climates, the dry seasons, the bulb is protected 
by its subterranean situation. Aloe, a genus of African pflants containing many 
species (Figs. 800, 801), has succulent leaves wdth spiny margins. 

Dracaena (Fig. 802), an arborescent form which attains a great age and a 
characteristic appearance, together with the similar genera, Gordylinc and Y-ucm, 
and Smilax (Sarsaparilla), a shrubby pflant of warmer countries,- climbing by 
the help of tendril -like emergences at the base of the ijotioles, have berries. 
Other examples are Asparagus with bunches of phylloclades in place of leaves, 
Convallaria (Fig. 128), Maianthemum, Folygonatum (Fig. 138), and Paris rpiadri- 
foUa (iSs- 803) ; the latter bears whorls of four leaves, sometimes 3-6 leaves (‘^^) 
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^ Thizomes bearing scale-leaves ; eitliei 
into the erect shoot bearing the folia, 
th of the rhizome is continued by a la 
I continues its subterranean growth, the 
axillary buds (Pcsris). 

i Liliaceae are more or less poisonous, e.ci. 

Oolekkum, Feratrum, Pans. 

seeds and oorni. Aloe rera, 
babbadbhsis and aloes 
Zh'givi’^o^ indioct. 


All these ])lants have c 
this rhizome grows anil 
inflorescences, while 1 
{PoJygonatuin), or the 
being developed from 

Poisonous.— Knmerous 

Valley, Tulip, , . 

Official . — Oolcldcum a'UtumnaUy 
A. pcrryi, and other species yield alobs 
Utgiriea scilJU’ yields squill. T „ 


A, ehincnsis. 

\ SOCOTIUNA. 


Pm SOZ-Drcomm draco. The Dragon Tree of Laguna in the Canary Islands. 

(After Chun.) 

3. Amaryllidaceae. -Distinguished from Liliaceae by the 
ovary Mostly tropical and sub-tropical. Leucojum {Pig. ), 
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always sessile; tlie underground portion is a tuberous or elongated 
rhizome, less commonly a bulb. Capsule loculicidal. . is ami y is 
mainly represented in the Cape and the warmer parts of America. 



Fin. 804. — Leucojum mstivum. 
a, Inflorescence (reduced) ; Z), 
gynaeeeum and androecium 
(nat. size). (After Schimper.) 



Fig. 805.— Floral diagram of the 

< Iridaceae(Jm). (After SCHENCK.) 



M ' • 


■ Fia. 806.— Crocus sativus. Style with tripartite stigma. 
(After Baillon.) 


Crocus satims, Saffron (Fig. 806), is a plant wMch has loiig been cultivated in 
the East ; it bas a tuberous 'rbizome and narrow, grass-like leaves. Tl« flowers 
are sterile unless ^pollinated witb pollen of tbe wild form. The large stigmas 
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furnish Salfron. Other species are cultivated as ornamental plants. Iris^ leaves 
overlapping in two ranks. The leaf-sheath surrounds the thick fleshy rhizome, 
while the sword-shaped hlade stands erect and has its two lateral surfaces alike 
(Tig. 807). Outer perianth segments bent downwards, inner erect. The three 
anthers are roofed over by the three leaf-like styles. In- Gladiolus the flowers are 
dorsiventral, and the dissimilarity of the perianth leaves is more marked. 

Family 5. Bromeliaceae.— Mostly epiphytes ; flowers hermaphrodite. Limited 
to tropical and sub- tropical parts of America. The leaves are in rosettes and 
are typically xerophytic ; in the forms which grow in the soil they are spiny. 
Ananassa satim is cultivated ; its inflorescence forms the Pineapple. 

Orders. Enantioblastae 

Characterised by the atropous ovules ; the embryo is at the summit of the 
endosperm at the opposite end from the hilum. 

Family. Commelinaceae. Tropical and sub-tropical. Perianth developed as 
calyx and corolla. Commelinat Tradescantia. The hairs of the stamens afford 
well-known objects for the study of movements of protoplasm and nuclear 
divisions. 

(h) Flowers more or less reduced 

Order 4. Glumiflorae 

This order consists entirely of annual or perennial plants of grass- 
like habit. It is distributed over the whole surface of the earth. 
A woody stem only appears in the genus Bamhusa. The association 
in more or less complex inflorescences of numerous flowers, which lack 
a proper perianth but are enclosed by scaly bracts (glumes), is a 
common character of the order. The perianth is either completely 
wanting or reduced to a series of scales or bristles. The inner whorl 
of stamens is also usually wanting, The superior ovary is always 
unilocular and contains only one ovule ; it is formed of three 
(Cyperaceae), two (some Carices), or, of a single carpel (Gramineae). 
The large size and feathery and papillose form of the stigmas stand 
in relation to the wind pollination. Fruits indehiscent. 

Family 1. Cyperaeeae. — The Sedges are characterised by their 
triangular stems, which are usually neither swollen at the nodes nor 
. hollow, and by their closed leaf-sheaths. The flowers are unisexual and 
then usually monoecious {Carex) or are hermaphrodite as in the majority 
of the genera ; ovary formed of two or three carpels with an erect, 
basal, anatropous ovule. Pericarp not coherent with the seed-coat; 
embryo small, surrounded by the endosperm. 

The genera Oyperus, Scirpus, and Briophorum have hermaphrodite flowers. 
Fig. 808 represents a plant of Scirpus setaceus^ which is an annual, in flower. 
Leaves rigid, channelled above. Fertile shoots with the uppermost internode 
elongated. Spikes 1-3, terminal ; enclosed by imbricating bracts and displaced 
to one side by the subtending bract, the line of which continues that of 
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the stem. Only the large lowermost bracts are sterile, the others h.'ive eaeb 
a naked liermaphrodite flower in their axils. The Cotton-grass {Erivphft-nvw 
anc/iistifolnm), which when flo^vering is inconspicuous, bears at the siininiic of its 
fertile shoots 3-7 long-stalked erect spikelets with numerous imbricate brads. 
Around the base of each flower are numerous hairs, •whicli are concealed by the 
projecting stamens and style. When the plant is ip fruit the liairs, which have 
become about 3 mm. long, project freely from between the bracts and constitute a 
valuable means of dispersal for the fruits. The white colour of the hairs makes 





V I If. 







Plg. SOS. — Scirpus setaceus. I, plant in 
flower ; upper portion of a flowering 
shoot ; 3, single flower ; 4, the same from • 
behind ; '5, the same without the bract ; 
6, fruit, (i, nat. size, the others x 2-0. 
After Hoffmann.) 




Fia. 800. — Eriop^ionim angnstifolium. 1, Inflores- 
cence ; a single spikelet ; 3, single flower ; 
4, flow'er with bract removed; 4, fruit, (b 
about nat. size, the others x 3”5. After 
Hoffmann.) 


tlie now pendulous spikelets of the Cotton-grass a conspicnous feature of peat-moor 
vegetation {Fig. 809). Cyperus papyrus, in , Egypt and Sicily, provided from its 
stems, which are as thick as the thigh, the paper” of the ancient Papyri. 

The genus Garem is for the most part monoecious, and its flowers are naked 
and unisexual. Male spikes simple ; in the axil of each bract is a male flower formed 
of three stamens (Fig. 810 A)^ The female spikes bear in the axil of each bract a 
secondary shoot; the axis of this is included in the tubular subtending bract 
(utriculus) together with the pistil (formed of ^ or 8 carpels), which is home in the 
axil of tl^ bract (Fig. 810 Af-A?), ' - 


S!*** 
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Faiiiily 2. Gramineae (^^). — The stems of the true Grasses are 
cylindrical, and have hollow interriodes (exceptions Maize and Sugar- 
cane) ; the nodes are swollen; the leaves ai’e two- ranked and their 
sheath is usually split and thickened at the node. At the junction of 
the sheath and leaf-blade a membranous structure (the ligule) projects 
(cf. Fig. 133). The flowers of the Gramineae a.re grouped in spicatc, 
racemose, or paniculate inflorescences, which arc always composed 
of partial inflorescences, the spikelets. Usually each spike lb:t bears 
several flowers. At the base of the spikelet there are usually (Fig. 
811) a pair of sterile bracts (glumae) ; sometimes there is only one 
or 3-4 glumes. * Continuing the two-ranked arrangement of the 


Fig. sn. — Diag’ramniatic 
representation of a Grass 
sx>ikelet. {/, The glumes ; 
Pi and py, the inferior 
and superior palea ; c, 
iodicules ; B, flower. Tlie 
axial parts are repre- 
sented as elongated. 


Fid. 810,— Floral diagram of a male flower 
of Caivse ; B, of a female flower with three 
stigmas ; C, of a female flower with two 
stigtaas. I), Diagram of female flower of 
Carex, i?, Diagram of the hermaphrodite 
spikelet of a, secondary axis; aifr, 

utriculus or bract of the secondary axis, 
(After Eichler.) 


glumes come the fertile subtending bnicts (palea inbi^riob), in the 
axil of each of which stands a flower. The subtending bracts are 
often awned, i.e. they bear terminally or springing from the dorsal 
surface a stiff bristle with backwardly directed hairs (the awn). The 
bracteoie of each flower is represented by another scale-like bract, the 
PALEA ►SUPERIOR. Above this come two small scales, the lodiculabi, 
the distension of which assists in opening the flower (Fig. 812 B, C), 
Lastly, the axis bears the androecium consisting of a whorl of three 
stamens, and the ovary composed of one carpel and bearing two 
feathery papillose stigmas. The ovary contains an anatropous, or 
slightly campy lotropo us ovule. 

The flowers; do not always show such extreme reduction ; tlius the flower of 
Rice (Fig. S17) has a coni^flete androecium ; that of the Bambuseae is similar and 
also lias three lodicules, aiid in SiTeptochaeia there is a normal nionocotyledonous 
type of flower with all five whorls of^members present and three carpels^ indicated 
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in tlie development of tlie ovary. Tire lodieules can oil tMs evidenee be regardebi 
as corros])uiidirjg to tlie inner -whorl of the perianth. Possibly the superior paleu 
represents two coherent leaves of the outer whorl. In the gjniaeceiini tliere 



Fio. S'i2.--~Festiica elatiar. A, Spikolet (compare Fig. 811), 
witli two open flowers below wliieh the two sterile 
glumes are seen (x 3). B, Flower; the two lodicules 
are in front, the superior palea behind ; the ovary- 
bears two feathery stigmas ( x 12) . C, A .single lodicule 
( X 12). I), Ovary seen from the side with the stalk of 
one of the removed stigmas ( x 12). (After H. Schenck.) 



J^i 

Fig. 813.— Diagram of the Grass flower. 
The missing parts are dotted ; ax, 
end of the axis of the spikelet ; pt, 
palea inferior ; 'jw, palea supe-rioi- 
(outer perigone) ; Z, lodiciilae (inner 
perigone) ; .sZ, outer, sl% inner whorl 
of stamens ; c, lateral carpels ; e', 
dorsal carpel. (After ?3chuster.) 


remains as a rule only a double 
leaf formed of the two lateral 
carpels of the three originally 
present. According to this vie-w, 
which we owe to Goehel, the 
diagram in Fig. 813 is arrived at. 

On the wind -poll illation of 
Grasses cf, p. 502 . Tlie fruit 
of the Grasses is termed a 
caryopsis ; in it the pericarp 
and seed -coat are intimately 
united. The embryo lies in 
contact with the cndo.sperm by 
means of its cotyledon ; this 
forms the soutellum, and in 
germination serves as an ab- 
sorbent organ by means of 


whicb the reserve materials in the endosperm are taken up by the seedling 
(Fig. 814). 

The most important economic plants belonging to this order are tbe Cereals 
(Fig. 815). Wheat, Tritimm, Spikelets single, with two or more flowers ; glumes 
broadly ovate. Koernicke distinguishes as species of Wheat— (1) Tr. mlgare, -with ~ 
a nnniber of sub-species ; (2) Tr, polonicum ; (3) Tr. 'monococcum. Eye, ^ecale 
cereale spikelets single, 2-fio\vered ; glumes acute. Barley, Eordeuni vulgare ; 
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spikelets one-flowered, in groups of three ; in u 
and U. tdmsliclmm all the rows of spikelets are fe 
middle row. Oat, Avem satvaa. Maize, Zea ma%s. 
in temperate climates, the Maize largely in Anieri 
Asia and tlie south-east of Europe. In the wild st 
var. aegilopodioUes (from which Tr. monocoeeum is 
as the original form of Wheat, SeeaU numtanum, ai 
to S. distielmm) are known. In these wild forr 
rachis at maturity, a character that would he unsur 
The most important tropical food-plant of the a 
817 ), which is largely cultivated to the limits ot 
and, ’when sufficient moisture is avaUable, yields a" 
In Africa several varieties of Millet, Jndropogon a 


« _ --’-T of Wheat, showing embryo and scntellum 

ce, its colnnmar epithelium ; I't its ligule ; c, sheathing 
-“-j of stem ; hp, hypocotyl; I, epiblast ; r, radicle ; 
micropyle ; j>, funiculus ; vp, its vascular bundle ; /, lateral wall of groove 


Fio. 814. Part of median longitudinal section of a grain 

(sc) ; vs, vascular bundle of scutellum ; c_, -- 
part of the cotyledon ; pv, vegetative cone 
cl, root-sheath ; m, micropyle ; p, funiculus ; 
cp, pericarp. (X 14.) (After Steasbuegeb.) 

forms the most important cereal for that continent. 

P. italicwm, of Asiatic origin, are s 

in the Mediterranean region, 
important food- plant ; 

occurs in tropical Asia. The sugar-cane is 

and cane-sugar is obtained from the sap exi_ 

Among the most important of 
Agrostis alba, Alopemrus pratensis,, 
elatius AvcTva JiavesGens, A, puhesccTis, 

Loli%m verenne. Phhum pratense. 


still cultivated, though to a diminished extent, 
The Sugar-cane, Saceharum ofidnarum, is another 
it is a perennial, growing more than six feet high, and 
cultivated in all tropical countries, 
pressed from the solid stem, 
our meadow-grasses may be mentioned 
Anthoxanthum odoratum, ArrhenatJierum 
, . Priza media, Daciylis glomerata, Eolcus 
Poa pratensis, and species of Aira, 
Melica, etc. The tropical species of Bamhusa, 
is, are utilised in many ways ; from the stems 
oring, ladders, bridges, cordage, water -vessels, 

, and the plant is indispensable in the countries 
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Poisonous. — Lolvmn temulent-um (Fig. 819) lias its fruits sonietiinos ijifestefl 
witli fungal hypliae. These fruits owing to the alkaloids they contain are poisonous, 
but fruits free from fungus are harmless ; the plant is an annual, and can be 



Fig. 815.--Cereals. A, Rye, Secale cereale, i?, Spelt, , SJjelia, G, Two-ranked barley, 
Eord^eim vulgare, distichuvi. i), Wheat, Triticum, 'mlgare. 


distinguished by the absence of sterile shoots from the common Zolium perenne 
and L. muUiflorum. 

Official. — Amylum (starch) is obtained, from Triiicmn sativum, Orym sativa, 
Zca mais^ etc, ; Aqropyrum reopens. , 
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Order 5. Spadiciflorae 

The common character of this order is afforded hy the peculiar 
iiifiorescence ; this is a spike with a thick, swollen, often tioshj axis 
and is termed a spadix. The flowers are mosth^ diclinous, 
monoecious, or more rarely dioecious. 



Typliaceae.— Marsli plants, with long, linear leaves and Imig- 
, wliicli hear a large number of flowers, tlie male above, ihe IVinale 
Perianth wanting. 


Connected with the preceding family. Si»ikes 


■ lamily 2. Sparganiaceae. 
spherical. Flowers with a perigoiie, but otherwise like the Typhaceae. 

Family 3. Pandanaceae. — Screw -pines. Trees of peculiar appea 
ported by prop-roots, or climbing shrubby plants ; all belong to I 
countries around the Indian Ocean and to the Paciftc islands. Leaves 
spiny, channelled above, arranged without bare internodes in three i 
axis. Inflorescences, d or 9 , are terminal spikes in the axils of sheat 
Flowers without perianth, Fandanus (cf. Fig. 8*22 in front of the Palms) 
(cf. p. 55^). „ 
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” Family 4. Palmae («).-Tlie Palms are an exclusively tropical 
and subtropical family, the members of wl 
trees. Their slender stem is simple ar 
throughout; only the African specie 
stems. Other forms show evident grc 


'hich mostly attain the size of 
usually of uniform diameter . 
of Ilyphaene have branched 
Ih in thickness towards the 
base and sometimes for 
. half ' the height of the 
stem; this either depends 
on enlargement of the 
elements already present, 
or to a limited extent on 
new formation of tissues 
when required. The leaves, 
which are often of gigantic 
size, formaterminal crown. 
They are either pinnately 
or palmately divided, the 
division coming about by 
the death of definite por- 
tions of tissue in the young 
leaf in the bud, and subse- 
quent tearing along these 
lines. The inflorescence 
is in some cases terminal 
[Mdroxylon), and the in- 
dividual perishes with the 
development of the fruits. 
More often the inflores- 
cences are axillary. When 
young, they are enclosed 
by a massive resistant 
sheath, the spathe; this 
bursts open and permits 
of the unfolding of the 
■ simple, or more usually 
branched, inflorescence. 




CDC05 NUClffftA 


ANOIOSPERMAB 


!!!a. 820.-C.co. InfloreBcance ome,Odco.»»t Palm. (Greatly reduceO.) 
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in small numbers on each inflorescence. Each consists of a coarse, fibrous 
exocarp, which contributes to the buoyancy of the fruit in water, and thus leads to 
the wide distribution of this palm on tropical coasts, and a hard endocarp. At the 
base of each carpel a germinal pore is present in the endoenrp (Fig. 821), but only the 
one in relation to whicli the embryo lies remains permeable. The endosperm forms 
a thick layer within the endocarp ; it is rich in flitty substances and produces the 
coPUA of commerce. The space within the endosperm is partially filled with fluid, 
the *‘milk” of the coco-nut, which is possibly of service in germination. The 
embryo on germination develops a massive absorbent organ which grows into the 
cavity of the fruit and serves to absorb the reserve materials. Fig. 822 shows the 
general habit of Coco-nut palms. 

Differences are, however, found within the order. In Areca catechu (Fig. 818) 
the fruit developed from a similar ovary to that of Ooco$ is a berry, the exocarp 

becoming partly fibrous and partly succulent. 
The white endosperm is here of stony consist- 
ence, cellulose being stored as a reserve material ; 
the endosperm is ruminated, the dark seed- 
coat grows into it at many points and gives it a 
veined appearance. The fruit of the Date Palin 
{Phoenix dactylifem) is also a berry, but this 
arises from one of tlie carpels of the apocarpous 
gynaeceiim, the other two not : developing. In 
contrast to the other genera mentioned, jPtewai 
is dioecious. Other impor taut economic plants 
among the Palms QX^ Elaeis guineensiSj the African 
Oil Palm, species of Calamus which yield Malacca 
F'lo. 821. — Coco -nut after partial Cane, and species of M.eiroxyloii, from which Sago 
removal of the fibrous exocarp, is obtained ; the two latter are found in the 
(Reduced. After Warming.) Asiatic - Australian region of the tropics. PKijt^ 
elephas macrocarpa, an American Palm which 
does not form a trunk, yields vegetable ivory (the hard endosperm). Several 
species yield .a flow of sugary sap on cutting off the inflorescence, and this 
is sometimes fermented to make Palm-wine and sometimes used as a source of 
cane-sugar {Arenga saGcharifera), 

Family 5. Araeeae, — The Araceae are mostly herbs or shrubs ; 
they take a conspicuous place as root-climbers in the damp tropical 
forests. Tile leaves of some species (e.g. Mondera) have the large 
lamina incised or perforated ; this comes about by the death of 
definitely limited areas and is comparable to the method by which the 
leaves of Palms become compound. The flowers are greatly reduced, 
usually diclinous, borne on a swollen, fleshy axis ; a spathe, often of 
bright colour and serving to render the inflorescence conspicuous, 
is present at the base of the spike [e.g. Anthurium scherzenanmn^ 
Richardia aeihiopica^ both of which are commonly cultivated). Fruit 
' usually a red, bluish, or white berry. 

Acorus calamus has, in the course of the last two or three centuries, spread to 
this country from the East. It ha!; complete, hermaphrodite flowers ; ovary tri- 
locular. The ■ short .apadix is terminal, hut is displaced to one side by the spatbe 
' which resemhles 'the foliaiO'fi.l'ftaiVRfl /.Fiof 
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Poisonous. — Many Araceae are poisonous. Calla ^alustvis in peaty swamps. 
Arum mamlatum (Fig. 824), a perennial herb with tuberous rhixoine, couiiiiori in 
woods. It develops a number of stalked, hastate leaves, the brown spots on whicli 
give the plant its specific name. The flowers are monoecious, without perianth ; 
the female flowers stand at the base of the spadix and the male a short distance 
above them. Above the latter come a number of sterile flowers with downwardly 




Fig. 822.--Coco-nut Palms at Hilo, Hawaii. Pandamis odaratissimus in front of the P<alms. 


directed, hair-like points, which stand at the level of the constricted portion of the 
spathe ; this is widely open above. These hairs allow insects, attracted by the 
peculiar scent or seeking warmth, to creep into the lower expanded portion 
of the spathe, but prevent their return until the female flowers have been 
pollinated from another individual. When this is accomplished the hairs wither 
and the anthers open. The escaping insects, now dusted with pollen, may enter 
other in#orescences and pollinate the flowers. 

3B1 
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(c) Flowers zygowoi^Mc 


Order 6. Seitamineae 

Tropical plants, sometimes of large size, in a few cases arborescent. 
Flowers dorsi ventral or asymmetrical. Perianth diherentiated into 



t/' v calyx and corolla. .. Androeeium greatly I'educed; some of the 
' wr Btamens T>y^ s and resembling the segments 

of tlte tadlocular. Seqds witH perisperm. 
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Family 1. Musaceae. — The Banana {Mush) is one of the most impnrront pi a.!. 
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bearing the cro\Yded and mainly parthenoearpic (‘*®) berrydike fruits/ M, textiUs 
yields Manila Hemp. Rctmnala has a woody stem, Strelitzia reginae (Fig. 529) 
from the Cape is cultivated on account of the beauty of its flowers. 

Family 2. Zingiberaceae. — Flowers in spikes/ which in some cases resemble 
capitnla. Flower dorsiventral. Calyx inconspiciious, tubular. Corolla with 
three lobes. The outer whorl of the androecium is wanting or represented by two 
lateral staniinodes (Fig. 825, sstj, Only the posterior stamen of tlie inner 

whorl (st) is fertile; the two others are joined to form the brightly • coloured 
petaloid labellum (Z). The style lies in the tubular groove between the thecae of 
the stamen. Fruit a capsule. Most plants of the family belong to tropical Asia. 

Zingiber officinale^ the Ginger, is aii ancient cultivated plant of Southern Asia, 
now' cultivated throughout the tropics (Fig. 826). The flattened branched 
rhizome is in contact with the soil by its narrow side. Leaves, two - ranked ; 
main shoot continued by the growth of axillary buds of the lower surface. The 
leafy shoots, in spite of their length, are composed of the sheaths of the large, 
simple, entire leaves, the axis remaining extremely shoi’t. Only the flowering 
shoots are solid; they remain shorter and bear scale leaves with large sheaths 
but no lamina. Bracts large and, especially at their margins, brightly coloured, 
Flow'ers, bright yellow, with a conspicuous, violet, and spotted labellum. Elettaria 
Cardamomnm and Curcnma have the stalks bearing their inflorescences similarly 
provided with scale leaves. Alpinia and Sedychium^ the latter of wdiich is often 
cultivated, have on the other hand normal leafy shoots bearing the terminal 
inflorescence. 

Official. — Zingiber officinale^ rhizome yields ginger. Elettaria Oardamomum 
yields CARDAMOM SEEDS. 

Family 3. Cannaceae. — Large-leaved herbs ; often in cultivation. Flowers 
asymmetrical (Fig. 827). Only one half stamen fertile {i,e, anther with only one 
theca), the other half being petaloid. 

Family 4. Marantaceae. — Large-leaved herbs. Leaves with pulvinus at 
junction of stalk and lamina. Stamen as in preceding order. Arrow'root is 
obtained from Maranta arimdinacea. 


Order 7. Gynandrae 

Family Orehidaeeae. — Perennial, herbaceous plants growing as 
epiphytes or in the ground, with hermaphrodite, Eygomorphic flowers. 
Perianth petaloid, the posterior segment of the inner whorl developed 
as a lip or labellum, which frequently bears a spur. (The labellum 
of the Scitamineae being formed of two staminodes is entirely 
different morphologically.) Androecium foi’med of the three 
anterior stamens only ; the middle stamen, belonging to the outer 
whorl, is fertile ; the other two are represented by staminodes. Cypri- 
jpedmm has these two lateral stamens of the inner whorl fertile. 
G-ynaeceum formed of three carpels, syncarpous ; ovary inferior, uni- 
locular. Fruit, a capsule. Seeds extremely numerous, borne on 
parietal placentas (Figs. 828, 831). The fertile stamen is adherent to 
the style and forms with it the column or gynostemium i this projects 
more o» less in the centre of the flower. The labellum, which serves 
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g insects, becomes anterior either by 
through 180“ (cf. Figs. 828, 831) or 
by the flower being bent back- 
wards. 

The Orcliidaceae attain their 
highest development in the tropics 
where tliey form an important part 
of the epi})hytic vegetation. Orchis, 
Oiilirys, Gymnadenia, Flatanthera 
with tubers; Epi]}tictis^ Cephalan- 
thera, LisUra witli branched 
rhizomes; Neottia, the Bird’s- nest 
Orchid, Epipogoii, Qoralliorrhi'za, 
Limodorum almost destitute of 
• chlorophyll. They live saprophyti- 
cally or more correctly as parasites 


Fig. S27. — Flower of Cauna iridijiom. /, Ovary ; 
• fc, calyx ; a, corolla ; Z, labellum ; the 

qther staininodia ; a, fertile stamen ; g, style. 
Q nat. size.) 


Fig. 828. —Orchidaceae. Floral 
!;ram (Orchis). (Modified after jSToll.) 


at the expense of their mycorrhiza (^®). Qypripedium, Ladies’ Slipper, with two 
lateral fertile stamens of the inner whorl. 

Orchis militaris, which is represented in Fig. 833, will serve as an example for 


- ' , Fig. 830. — Root-system of Orchis latifolia. 6, 

Fig. 829. —OrcMs militaris. Longitudinal Base of stem ; s, scale leaf ; t’, old, Z", young 

section imssing through the old a?id new tubers; 7c, bud; r, roots. (After li. 

tubers. (After Luerssen.) , ’ Schenck.) 

more detailed consideration, At the period of flowering a pair of fleshy tubers will 
be found at the base of :tbe .plant, both of which are covered with root hairs. The 
large or brown tu^ei; more , spongy texture continues above into the steSi which 
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terminates in the pyramidal inflorescence ; this stem is surrounded .it the ]\i<H 
by a pair of scale leases and the sheaths of the 2-4 elongated, elliptical ibliige 
leases. The smaller tuber is of firmer consistence and of a white colour ; it bears, 
as is shown in the longitudinal section (Fig. 829), a bud on its summit which 
already shows a pair of scale leaves. This tuber has arisen as an axillary hud in 
relation to one of the first scale leaves of the plant, and with its tuberous, swollen, 
first root has broken through the subtending scale leaf (Fig. 829). It is destined 
to replace the parent plant in the succeeding season. 



Fig. S31. — Orchis militaris. A, Flower : a, 
bract ; h, ovary ; c, the outei', and d, the two 
anterior inner perigone leaves ; e, label- 
liim with the spur/; g, gynostemium, B, 
Flower after removal of all of the perigone 
leaves with exception of the upper part of 
thelabellum: stigma ; Z, rostellurn ; 7^, 

tooth- like prolongation of the rostellum ; 
m, anther ; n, connective ; o, polliniiini ; g, 
viscid disc ; p, staminodium. 0, A pollin- 
' ium ; r, caudicle ; s, pollen. D, Fruit in 
transverse section. (After Berg and 
Schmidt.) 



Fig. 832 . — FaiiUlaplamfalia (reduced. After Berg 
and Schmidt ; from Exglee and Prantl). A, 
Labellum and gynostemium. B, Gynostemium 
from the .side. 0, Summitof the gynostemium from 
in front. I>, Anther. B, Seed. (Magnified.) 


Ill considering the flower, the spiral torsion of the ovary, which brings the 
labellum into the anterior position, must first be recognised. The labellum is 
tripartite and the larger middle segment is bifid at its free end. At the base of 
the labellum a spur is formed by the bulging out of this segment of the perianth j 
this serves as the nectary, and the opening leading into it is situated just below the 
gynostemium (Fig. 831 A, B), The latter bears on the side that is turned towards 
the lower lip, and to an insect alighting on this, the large stigmatic surface (A) 
corresponding to two confluent stigmatic lobes. The third stigmatic lobe is trans- 
formed into a structure termed the rostellum, .^) and stands in relation to the 
male organ. The single fertile anther consists of two thecae joined together by the 
connective which appears as the end of the gynostemium. The whole njass of 
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i^ollen of each of the two pollen 
sacs is joined together by an 
interstitial substance which 
continues below to form a 
stalk ; the whole structure, 
which has a waxy consistence, 
is called a pollinium, and the 
stalk goes by the name of the 
caudicle. The caudicles ter- 
minate below in contact with 
the rostellum which forms tough 
adhesive discs. This relation 
to the rostellum serves to keep 
the pollinia, which lie free in 
the pollen sacs, in position, and 
the adhesive discs attach the 
pollinia to any body tliat comes 
in contact witli them. If an 
insect alights on the lower lip 
and attempts to reach the nectar 
secreted in the spur, its head or 
tongue must touch the rostel- 
lum and the pollinia will become 
attached to it. As the adhesive 
discs dry they cause the pollinia 
to bend forward, so that when 
the insect visits a second flower 
they will be brought in contact 
with the stigmatic surfaces. 

All Orchids are similarly 
adapted to insect visitors, 
though in many the contrivances 
are far more complicated ; pol- 
lination does not take place in 
the absence of the insects 
In many cases the adaptations 
are so specialised to particular 
insects that no other insect will 
do instead. Thus Vanilla (Eig. 
832) brought from its American 
habitats to other tropical coun- 
tries remains sterile on account 
of the absence of the pollinating 
insect. On this fact being dis- 
covered artificial pollination 
was resorted to and the plants 
can thus be induced to bear 
fruits regularly. It should be 
mentioned that in some forms, 
e.g. Vanilla^ the pollen remains 
powdery. Many tropical 
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Orchids are cultivated in greenhouses on account of tire beauty of their ilovun-s. 
r..;/. GattUya^ LcteUa, Vanda, Dend.robmm, etc. 

Fossil Angiosperms 

The lirst undoubted Aiigiosperms appear in tlie Upper Cretaceous. Ti:ey 
represented by numerous species, which, like the recent Forms, can be divided 
into Monocotyledons and Dicotyledons. The most ancient Forms are known only 
as leaves, so that tlieir determination is a matter of difficulty. They agree essem 
tially with living Aiigiosperms, and since they show no similarities to Gymnosperrns 
or Tteridophytes, do not aid in bridging over the gap bet\veen the Anglos] lenns 
and these groups. 

The Angiosperrns of the Eocene and the Oligocene can be determined with greater 
certainty ; even in iS'orthern Europe representatives of existing tropical and. sub- 
tropical families occurred, c.y. Palmae, Dracaena, among Alonocotybidons, 

numerous Qiierciflorac (esp. Qif.ercus), {Cimiamonumi, etc.), .Lt!guininosae, 

etc., among Dicotyledons. From tbe Miocene onwards the specihe Forms are in 
part identical with those now living, and in the Quaternary strata all tlie remains 
are oF existing species. The general character of the Tertiary flora in Euro])e was, 
however, very ditferent From that of the present day. . It had the aspect of the 
Hora of a much warmer region and (as in the case of the Gymnosperms) contained 
forms which now exist only in distant regions. 
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INTRODUCTION AND MORPHOLOGY BY H. FITTING 
Introduction 

(^) Charles Dahwt-n-, On the Origin of Species by Means of Natural Selectioi), 
1859. (^) E. Haeckel, Generelle Morpliologie der Organismen, 1866, p. 52. 

■ C. V. Nageli, Tlieorie der Abstanimungslehre, 1884, p. 326 ; F. A. 
Biologisches Zeiitralblatt, vol. xxvii. 1907, p. 257 ; K. Goebel, Organograpliie, 
% Aufi. vol. i. 1913, pp. 39 ff. 

Section I. Cytology 

The Living Cell Contents. — (‘^) E. Strasburger, Progressiis rei botanicae, 
vol. i. 1906, p. 1 ; E. Kuster, Zelle in Handwcirterb. der Naturwiss. Jena, vol. x. 
1914, p. 748. C'^) Literature collected by A. Guilliermond, Revue gen. de Bot. 

vol. xviii. 1906, p. 392 ; E. Zagharias, Bot. Ztg. 1907, p. 265 ; A. Meyer, Die 
Zelle der Bakterien, Jena, 1912 ; E. Paravicini, Bakt. Zentralbl. 11. vol. xlviii. 
1918, p. 337. (^0 A. J. Ewart, Phj^sics and Physiology of Protoplasmic streaming 

in Plants, Oxford, 1903 ; Paul Kretzschmar, Jahrb, f. wiss. Bot. vol. xxxix. 

1904, p. 273. ('') J. W. Moll, Progress, rei botan. vol. ii. 1908, p. 227 ; E. Stras- 

burger, Das kleine bot. Praktikum, 8. Aiifl. 1919, and Das botanische Praktikum, 
5. Anti. 1913; H. Siebei^, Einflihrimg in die bot. Mikrotechnik, Jena, 1913. 
(^) E. Zaoharias, Progress, rei botan. vol. iii. 1910, p. 67. A. Fischer, 
Fixierung, Farbnng iind Ban des Protoplasma, 1899, and A. Degek, Bot. Ztg. 

1905, 1. Abt. p. 202. N. Gaidukov, Dnnkelfeldbelenchtiing uiid Ultra- 

mikroskopie in der Biologie imd der Medizin, 1910. E. W. Schmidt, Progress, 
rei botan. vol. iv. 1912, x>- a'Ud Ztschr. f. Botan. vol. iv. 1912, p. 707 ; 
J. Duesberg, References in Ergeb#. d. Anatom, u. Entwickliingsgescliichte, vol. 
XX. 1912, p. 567 ; K. Rudolph, Ber. dentsch. bot. Ges.. vol. xxx. 1912, p. 605 ; 
G. Lewitzky, Ber. dentsch. bot. Gesellsch. vol. xxxi. 1913, p. 517 ; A. Scherrer, 
Festschr. z. Einweibung d. Inst, fiir allg. Bot. Zurich. Jena, 1914 ; A. Guillier- 
mond, Rev. gen. de bot. vol. xxv. bis, 1914, p. 295 ; vol. xxvi. 1914, 295 ; Fr. 

Meves, Arch. f. mikr. Aiiatomie, vol. Ixxxix. 1. Abt. 1917, p. 249 ; D. M. Mottier, 
Ann, of Bot. vol. xxxii. 1918, p. 91. (^) Of. the most recent works of Gri'igoire 

and his pupils, and of E. Strasburger ; also H. Lundegardh, Beitr. z. Biol. d. 
Pflanzen, vol. xi. 1912, p. 373 ; includes literature, A. Guilliermond, 
Progr. rei bot. vol. iv. 1913, p, 389 ; H. v. Neuenstein, Arch. f. Zellforsch. vol. 
xiii, 1914, p. 1. A. F. W. Sohimper, Bot., Ztg. 1880, p. 886, and Jahrb. f. 

wiss. Bot. vol. xvi. 1886, p. 1 ; Arthur Meyer, Das Chlorophyllkorn, 1883, and 

Bot. Ztg. 1888, p. 489; J. H. Priestley and A. A. Irving, Ann. of Bot. vol. 

xxi. 19(y, p. 407 ; A. SAPkniN,' Untersuch ungen iiber die Individualitat d. 
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Plastide, Odessa, 1913 ; Arehiy f. Zellforscluiiig, voL xiii. 1915, p. 319. 
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Ixxxii. 1912, p. 221 ; R. Willstattbe and li. J. Page, Ann. d. Cheniie, vol. 

ccGciv. p- 237. (18) E. GoEiauG, Beih. Bot. Zentralbl. 1. vol. xxxv. 1918, p. 1. 
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GK-ARI), W. Belajeff, J. B. Farmer, B. Nemec, V. Gri^c40IRE, a. Wygaerts, 
E. Escoyez, j. Berghs, 0. Rosenberg, Ch. Allen, K. Miyake, J. B. Overton 
and others ; cf. also Th. Boveiu, Ergebnisse iiber die Konstitutioii der cliroma- 
tischeii Substanz des Zellkenis, 1904 ; M. Pioard, Bull. Torrey Bot. Club, vol. xl. 
1913, p. 575. (“1) G. Tischler, Progr. reibot. vol. v. 1915, p. 164 ; H. Winkler, 
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1908, p. 24. (2®) R. A. Harper, Jahrb. f. wiss. Bot. vol. xxx. 1897, p. 249; 

P. ]Sr. ScHtiRHOFF, Jahrb. f. wiss. Bot. vol. Ivii. 1917, p. 363. 

The Larger Non-living Inclusions of the Protoplasts, (^i) H. AIolisch, Mikro- 
chemie der Plianze, Jena, 1913 ; 0. Tunmann, Pflanzenmikrochemie, Berlin, 1913. 
(“®) J. Dekker, Die Gerbstoffe, Berlin, 1913. (‘'^8) R. ’W'illstatter, Sitzungsbei*. 

preuss. Akad. d. Wiss. 1914, pp. 402, 769 ; H. Schroeder, Ztschr. f. Bot. vol. ix. 
1917, p. 546 ; cf. also H. Molisoh, Bot. Ztg. 1905, 1. Abt. p. 161; also B. L. 
Buscalioni and G. Pollacci, Atti istit. bot. Univ. Pavia, N.S. vol. viii. 1903, 
pp. 135 ff. ; 0. Gertz, Stiidier ofver Antbocyan, Lund, 1906. A. Tsohiroh, 
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J. Beauverie, Ann. des sc. nat. Bot. IX. Ser. vol. viii. 1908, p. 173. (‘*^8^ 
C. Nageli, Die Starkekorner, 1858 ; A. F. \Y. Sghimper, Bot. Ztg. 1881, p. 223 ; 
A. Meyer, Unters. iiber die Starkekorner, 1895 ; H. Prikgsheim, Laudwirtsch. 
Yersuclisstationcn, vol. Ixxxiv. 1914, p. 267. 

The Cell-Wall. — Literature to 1904 in L. Galoher, l^ltiidc genei‘ale sur la 
membrane cellulaire chez les vegetaux, 1904, and since in Fr. Ozapek, Bioohemie 
der Pflanze, 2. Aufl. vol. i. 1913, p. 629 ; 0. Richter, Ztschr. f. wiss. Miki\ vol. 
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des Vereins der Zellstoff- und Papier- Gheiniker^ vol. ii. 1911 ; Fr. Ozapek, Ztschr. 
f. Bot. vol. iii. 1911, p, 500 ; J. Konig and E. RuMi'f Chemie und Struktur der 
Pfianzen-Zellmembran, Berlin, 1914 ; C. G. Schwalbe, Die Choiuie der Zcllulose, 
2. And. Berlin, 1918. ' (^®) Cf. F. Ozapek in (=^8), vol. i. p. 634 if. ; A. Viehoever, 
Ber. deutsch. bot. Gescdlsch. vol. xxx. 1912, p. 443. ('^'^) F. Ehrlich, Clieniiker- 

Zeitg. vol. xli. 1917, p. 197. ('^®) Van Wisselingh, Archives neerland. 

vol xxvi. 1892, p. 306, and vol. xxviii. 1898, p. 373. (8^) Ormond Butler, Ann. 
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Rothekt, Gewebe. Handworterb. d. Naturwiss. iy. Jena, 1913, p. 1144; 
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Wachstum b. d. Gewobebildung der Gefasspflanzen, Berlin, 1886 ; P. Neef, 
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Funktion der Siebrbhre, etc. Jena, 1917, W. Eothert, Abhandliuigeii d. 
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Schleinisaft der Pflanzen, 1901. M. Nieuwenhuis~v. XJEXKtlLL-Gt' ldenbakd, 
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structure of the Thallus and of the Typical Cormus.—(‘*^) K. Goebel, Ver- 
gleicbende Entwickliingsgeschichte der Pflanzenorgane, 1883, and Organographie 
der Pfianzen, 1898-1901, 2. Aufl. vol. i. 1913, vol. ii. 1915-18 ; J. Velenovsky, 
Yergleicheiide Morphologie der Pfianzen, 4 vols. Prag, 1905-14 ; Keener von 
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vol, cvh. 1914, p. 327. (®^) W. Hoemeister, Allgemeine Morphologie der 

Gewachse, Leipzig, 1868. (®D S. Sghwendenbr, ; Mechanische Theorie der 
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Berlin; Hans Winkler, Jahrb, f. wiss. Bot. vol. xxxvi. 1901, p. 1, and vol. 
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under (‘^’^). (®^) E. Strasburger, Uher den Ban und die Verrichtung der Lei- 

tungshahnen in den Pfianzen, 1891, pp. 98, 297 ; G. Ohauveaud, Ann. d. 
scienc. iiat, bot. IX. S6r. vol. xiii. 1911, p. 113 ; F. J. Meyer, Progress, rei bot. 
vol. v. 1917, p. 521. (®^’) J. C. Sohoute, Die Stelartheorie, 1902 ; H. Solms- 

Laubach, Bot. Ztg. 1903, 2. Abt. Sp. 37, 147 ; A. G. Tansley, New Phyto- 

legist, No. 2, 1908 ; F. J. Meyer, Beihefte z. bot. Zentralbl. vol. xxxiii. 1. Abt. 
1917, p. 129. (®^) v. Deinega, Flora, vol. Ixxxv. 1898, p, 439. (®‘^) M. Nonn- 

HATJSEN, Ber. deutsch. bot. Gesellsch. vol. xxx. 1912, p. 483. (^'^) E, Nexjmai^n- 

Rbichardt, Beitr, z. allg. Bot. vol. i, 1917, Heft 3. K. Domin, Ann. d, 
jard. bot. Buitenzorg, vol. xxiv. 1911, p. 117. (®®) E. Brick, Beili. z. bot, Zentralbl. 
vol. xxxi. I. 1913, p. 209 ; P. Neese, Flora, vol. cix. 1917, p. 144. p) M. 
Raciborski, Handworterb. d. Naturwiss. vol. ix. 1913, Jena, p. 352. (®D K. 

^ ■' 3 0 
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Goebel, Einleitimg in die experiraentelle Morphologic d. Pfianzen, 1908, p. 165. 
(«B) B. Rt^TER, Flora, voL cx. 1918, p. 195. (««) F. Schwarz, Outers, a. d, hot. 

Inst inTiibingen, vol. i. 1883, p. 135. K. Kroemer, Biblioth. botaii., Heft 
59 103 • H J^rOLLER, Bot. Ztg. vol. Ixiv. 1906, p. 53 ; M.. Platit, Die physiol. 
Scbeiden d. Gynmospevmen, Equisetaceen ii. Bryophyten, 'Diss. Marburg, 1909; 
Mitteil d. Kais.AYilb. Inst. f. Landw. Bromberg, 1910, vol. iii. p. 63 ; Jabrb. f. 
wiss. Bot. vol. xxviii. 1910, p. 143. ^ G*. Rijmpf, Bibl. botaii. Heft 42, 1904. 

n'^) Ph. van Tieghem, Trait4 de bo tan. 2nd ed. 1891, p. 700 ; includes the 
literature. (-') Fr. Wettstein, Beiliefte z. bot. Zentralbl. II. vol. xx. 1906, p. 1. 
("^) Goebel, quoted in M. Busgen, Ban u. Leben unserer \Yaldbaumo, 

k Anil.* Jena, 1917 ; H. Lundegardh, Kungl. Svensk. Vet. Akad. Hand!, vol. 
Ivi. 1916, No. 3. ('«) J. G, Sohoute, Ann. jard. bot. Buiteiizorg, 2^ ser. vol. xi. 

1912, p. 1 ; A. Borzi and G. Catalano, Keale acad. d. Lincei, vol. cccix. 1912, 
p. 167. * Cf. the works under and Strasburger under 0^) J . Klinken, 
Bibl. botanica, Heft 84, 1914. ('») E. Antevs, Progr. rei bot. vol. v. 1917, 

p, 285. 0. Gertz, Lund’s univers. arsskrift N.F. II. vol. xii. 1916. P) 

H, Janssoniits, De tangentiale groei van eenige pliarm. Basten. Diss. Groningen, 
1918. P. Basicke, Bot. Ztg. 1908, p. 55. (®'^) E. Khster, Patliologische 

Piianzenanatomie, 2. Aufl. 1916. 

Adaptations of the Connns to its Mode of Life and to the Environment. 

K. Goebel, PHanzenbiologische Schilderutigen, Marburg, 1889—93 ; F. A. W. 
Sghimper, Pllanzengeographie auf physiol. Grimdlage, Jena, 1898 (English 
translation, 1903) ; Fr. W.' Neger, Biologie d. Pflanzen, Stuttgarfc, 1913 ; G. 
Karsten, Lehrbuch d. Biologie, 2. Autl. Leipzig, 1914 ; E. Warmtng-P. 
Graebner, Lehrb. d. okolog. Pflanzen geographic, 8. Aufl. Berlin, 1918 (English 
translation), and the works named under H. Sohenck, Biologie der 

Wassergewachse, Bonn, 1886 ; K Goebel, Pflanzenbiolog. Schilderungen, 1891, 
vol. ii. p. 215 ; H. Gluck, Untersuohungen liber Wassergewachse, 3, Jena, 1905- 
1911. J. Shreve, Joiirn. of Ecology, vol. ii. 1914, p. 82. K. GoebeIj, 
of. (^^) ; 0. Renner, Flora, vol. c. 1910, p. 451 ; Marloth, Flora des Kaplandes ; 
H. Fitting, Ztschr. f, Bot. vol. iii. 1911, p. 109 ; A. Engler, Sitzungsber. 
d. kgl. preiiss. Akad. d. Wiss. 1914, p. 564 ; in addition numerous works on the 
Xerophytes of American deserts in the Publicat. of the Carnegie Institution, 
Washington. E. Warming, Mem. acad. royal, d. scienc. de Danemark, 
8® ser. vol. ii. 1918, p. 297, H. Sohenck, Beitr. z. Biologie imd Anatomie 
d. Lianen, Jena, 1892-93. ^ K. Goebel,, Pflanzenbiologische Schilderungen, 
vol. i. p. 147 ; A. F. W. Schimper, Die epiphytische Vegetation Amerikas, Jena, 
1888. Ch. Darwin, Insectivorous Plants, 1876 ; K. Goebel, Pflanzen- 
biologische Schilderungen, 1893, vpL ii ; Clautrtah, M4m. publ. par I’acad. de 
Belgique, vol. lix. 1900 ; G. Schmid, Flora, vol. iv. 1912, p. 335. (*^‘-^) L. Koch, 

Die" Klee- und Fiachsseide, Heidelberg, 1880 ; Peirce, Annals of Botany, 8, 
1894 ; Koch, Entwicklungsgesch. d. Orobancheii, Heidelberg, 1887 ; H. Solms- 
, Laubach, Rafflesiaceen in Engler, Das Pflanzenreich,' Leipzig, 1901. 

Organs of Reproduction.— (®®) The works named under (•^^' W. N. 

Steil, Bot. Gazette, voL lix, 1915, p. 254. (®®) H. Winkler, Progr. rei botan. 
voL ii. 1908, p. 293 ; A. Ernst, Zeitschr. f. indukt. Abstammungslehre, vol. xvii. 
1917, p. 203 ; A. Ernst, - Bastardierung als Ursache der Apogamie im Pflanzen- 
„ reiche, Jena, 1918. H. Kyl'in, Ztschr. f. Bot. vol. viii, 1916, "p. 545; 0. 
Renner, Biolog. Zentralbl. vpl. xxxyi, 1916, p. 337 ; J. Buder, Ber. d. deutsch. bot. 
Gesellsch. vol xxxiv; 1916, p. Ch. J. Chamberlain and J. M. Coulter, 

if r% M AngiospeTOis, 1903. 
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W. Eiciilek, Bliitencliagramme, 1875-78. P) H. MOllek, Die Befriicliuiiig 
der Blumen d. Iiisekteii, Leipzig, 1873, and Alpenbhnnen, 1881 ; 0. KniCHN'i- 1 ;, 
Blumen iind Insekten, 1911. A. Keener ¥0N Ma.eilaitk, Pllanzeiiieben, 

2. Aiifi. vol. ii. 1905 (Englisli translation). Klebs, UntersucL. aiis deni 

botan. Institxit Tiibingen, vol. i. 1885. E. Steasburger in papers piiblisliet.1 
in vols. xlii. xiiv. and xlv. of the Jahrb. f. wiss.. Bot. 1906-1908 and in Histoi 
Beitr. Heft 7, 1909. J. B. Faumer, Quart. Joiirn. Micr, Soc. vol. xlviii. 
1905, p. 489 ; D. M. Mottiee, Ann. of Bot. vol. xxi. 1907, p. 309 ; V. Geegoirk, 
La Cellule, vol. xxii. 19Cr5, p. 221 it and vol. xxvi. 1910, p. 223 ; includes the 
literature to 1910 ; Picard, cf. (^®). 

Section IV. The Theory of Descent and the Origin of New Species 

Ch. Darwin, On the Origin of Species by Means of Natural Selection, 
1859; ibid. Aiiinials and Plants under Domestication ; ibid. The Descent of 
Man ; E. Haeckel, Generelle Morpiiologie, Neudruck, Berlin, 1906 ; Natlirliclie 
Schdpfungsgescliichte ; A. Weismann, Yortrage hber die Deszendenztbeorie, 

3. Anil. Jena, 1913 ; J. P. Lotsy, Yorlesungen iiber Deszendenztheorien, Jena, 
1906 ; L. Plate, Der gegenwartige Stand der Abstamraungslehre, Leipzig, 
1909 ; Abel, Brauer, etc., Abstamraungslehre, 12 Yortrage, Jena, 1911 ; K, 0. 
Schneider, Einfiihrung in die Deszendenztheorie, 2. Aufl. Jena, 1911 ; R. Hesse, 
Abstamraungslehre und Darwinisnms (Ans Natur nnd Geistoswelt, vol. xxxix.), 
5. Aufl. 1918 ; L. Plate, Deszendenztheorie, Handworterb. d. Naturwiss. vol. ii. 
Jena, 1912, p. 897 ff. J, Lamarck, PhilosopMe zoologiqiie, 1809 ; H. Spencer, 
Th^ Principles of Biology, 1876 ; C. v. Nageli, Mechanisch-pliysiologische Tlieorie 
der Abstamraungslehre, Miinchen, 1884 ; R. Sbmon, Die Mneme, 3. Anil. 1911 ; 
A. Pauly, Darwinismns nnd Laniarckismus, Munchen, 1905 ; R. v. Wettstein, 
Der Neo-Lamarcldsmiis, Jena, 1903 ; Handb. d. system. Botanik, Leipzig and 
Wien, 2. Aufl. 1911, p. 32; 0. Hertwig, Das Werden der Organismen, 2. Aufl. 
Jena, 1918; 0. DETTO,*Die Tlieorie der direkten Anpassnng, Jena, 1904. 

G. Romanes, Darwin and after Darwin ; L. Plate, Selektionsprinzip nnd 
Probleme der Artbildung, 3. Aufl. Leipzig, 1908 ; A. Weismann, Die Selektions- 
theorie, Jena, 1909 ; 0. Detto, Die Theorie der direkten Anpassnng, Jena, 1904. 

PHYSIOLOGY BY L. JOST 
Introduction 

(^) The fullest exposition of plant -physiology is to he found in Pfeffee, 
Physiology of Plants (Eng. trans. 1900-1906). This deals with the literature from 
1897 to 1904, and only the fundamental work and the most important recent litera- 
ture is given below. As an introductory work on the subject may be mentioned 
JosT, Yorlesungen hher Pflanzenphysiologie, 3. Aufl. Jena, 1913 (English trans- 
lation). As introductory to experimental work Detmer (1912), Das kleine pflanzen- 
physiologiscRe Praktiknm, 4. Aufl. Jena ; Claussen (1910), Pflanzenphys. Yersuohe 
nnd Demonstrationen fiir die Schnle, 2. Aufl. Leipzig and Berlin. (^) Bernard 
(1878), Lecons .snr les ph4nomenes de la vie, Paris; Sachs (1882), Yorlesungen 
iiber Pflanzenphysiologie, Leipzig, Yorlesung 12 ; Klebs (1904), Biol. Cbl. 24, 
distinguishes three sorts of causes: (1) external; (2) internal; (3) the specific' 
structure. Under the last he includes the determinants (p. 296) which are the 
causes of specific structure. As internal causes he recognises all within the plant 
that acts on these determinants. (®) Molisoh (1897), Das Erfrieren der Pflanzen, 
Jena ; Mfz (1905), Flora, 94 ;' Winkler (1913)/ Jahrb. f. wiss. Bot. 52; Maximow 
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(1914), iUd , 53 ; Kylin (1917), Ber. bot. Ges. 35. The significance of temperature 
for the geographical distribution of plants is more fully treated in Sohimpee 
(1S98), Pflanzengeographie, Jena (English translation) ; Solms-Laitbaoh (1905), 
Gesichtspunkte der Piianzengeograpliie, Leipzig ; Ihnes'>s Phaenological Chart of 
the Coming of Spring in Europe should be mentioned (Petermanns Mitt. 1905, 
Heft 5). ('‘) SCHIMPBE, see (^). (®) Becqtjeeel (1909 and 1910), Conipt. rend. 

Paris, 148 and 160; Neubeeger (1914), Botan. Ceiitralblatt, 126, p. 665 (Ref.) ; 
EsTEErcHEii-KiERSNowsKA, 134, p* 244 (Ref.). 

Metabolism 

(^b CzAPEK (1905), Biochemie der Pfltozen, Jena, vol. i. [2. Anfl. 1913] ; Euler 
(1908), Grundlagen und Ergebnisse der Pflanzenchemie, Braunschweig ; Nathanson 
(1910), Stoffweclisel der Pflanzen, Leipzig. 

Chemical Composition; Absorption. — ('^) E. Wole (1871, 1880), Ascheu- 
analysen ron land- nnd forstwirtschaftlicheii Produkten, Berlin ; Kokig (1882), 
Zusarnmensetzung der menschlichen Nahrungs- und Genussmittel, Berlin. (®) 
Naoeli (1858), Pflanzenphys, TJnters. 8 ; Ostwald (1909), Grundriss der Kolloid- 
chemie, Lpzg. (^) Peeffee (1877), Osmotische Untersuchungen, Leipzig ; ibid, 
(1886), Enters, a.d. bot. Institut Tubingen, 2 ; ibzd. (1890), Abh. d. matli.-phys. Kl. 
d. sacks. Gesellsch. Leipzig ; De Yribs (1884), Jahrb. wiss. Botanik, 14. (®a) liippEL 
(1918), Ber. bot Ges. 36 ; Hanstben-Geanee (1914), Jahrb. wdss. Bot. 53. 
(^'’) XJbsprung and Blum (1916), Ber. bot. Gesellsch. 34; Blum (1916), Beiliefte 
bot. Centralbl. (I.) 33. Esohenhagbn (1889), Diss. Leipzig; Lei>esohkix 
(1910), Berichte d. bot. Ges, 28 ; Teondlb (1910), Jahrb. wiss. Botanik, 48; 
Fitting (1915), Jahrb, wiss. Bot, 56. Fitting (1911), Ztschr. f. Bot. 3 ; 
Briggs and Shantz (1913), Flora, 105; Shive and Livingston (1914), Plant 
World, 17. (^2) Buegerstein (1904), Transpiration der Pflanzen, Jena ; Renner 
(1910), Flora, 100 ; ibid, (1912), Ber. bot. Ges. 30. (^^) Hohnel (1879, 1880), 
Mitt. a. d. forstl. Versuchswesen Osterreichs, 2 ; Briggs and Shantz (1914 and 
1916), Jourii. of Agric. Research, 3 and 5. (^‘'^) Stahl (1894), Bot. Ztg. 62 ; Stein 

(1912), Ber. bot Ges. 30; Molisoh (1912), Ztschr. f. Bot. 4 ; Negee (1912), Ber. 
bot Ges. 30 ; Weber, Fr. (1916), Ber. bot. Ges. 34 ; Weber (1916), Ber. bot 
Ges. 34. Burgerstein, see (^^) ; Lepesohkin (1906), Beiliefte bot. Centralbl. 
19 ; BeIjoke (1844), Annalen d. Physik, 63 ; (Ostwalds Klassiker, No. 95); 
Pfeffbr (1877), Osmotische Untersuchungen, Leipzig; ibid. (1890),, Abh. d. Kgl. 
Gesellsch. d. Wiss. Leipzig ; Wieler (1893), Cohns Beitr. z. Biologie, 6 ; Ruhland 
(1915), Jahrb. wiss. Bot. 53; Faber, v. (1915), Jahrb. wiss. Bot 56. (^^) 

Lepesohkin and Pfbffer, see (^®}. Strasburger (1891), Ban u. Verrich- 
tungon d. Leitungsbahnen, Jena; Ursprung (1907), Biolog. Centralbl. 27; 
Jahrb. wiss. Bot. 44 ; Renner (1913), Handw. d. Natiirw. 10 ; Ewart (1908), 
Philos. Transact. Roy. Soc. (B) 199 ; ibid, (1910), Annals of Botany, 24. (^*0 
Dixon (1909), Prog, rei bot 3 ; Dixon and Joly (1894), Annals of Bot. 8 ; 
Askenasy (1895, 1896), Verb, naturw. Verein Heidelberg, N.F. 5 ; Steinbrinck 
(1906), Jahrb. wiss. Bot 42; Renner (1911), Flora, 103 ; (1915) Jahrb. wiss. Bot 
56 ; (1918) Ber. bot Ges. 36 ; Holle (1915), Flora, 108 ; Jost (1916), Z. f. Bot 8 ; 

, Ursprung (1915, 1916), Ber. bot. Ges. 33 and 34 ; Lindner (1916), Beitr. z. 
Biologie, 13; Nordhausen (1917), Jahrb. wiss. Bot 58. (^®a) Knop "(1861), 

Landw. Yersuchsstationen, 3 ; Appel (1918), Zeitschr. f. Bot 10, (2*^) Richter 

(1919), Sitzungsber. Wien. Akad, 118, 2. Abt. ; ibid. (1911) Die Ernahrung der 

* Algen, Leipzig; OsterHout (1912), Bot Gaz. 54. — The behaviour of halophytes in 
relation to sodium chloride is not made pex'fectly clear by the work of P.tB'KLo (Ost. 
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bo tan. Zcdtsclir. 1912). (2^) Kratzmann (1913), Sitznngsber. Wiesi. Aka,(l 1, Abt. 

Hober (1911), Pbysikal. Chemie der Zelle, 3. A till. Leipzig ; Run laxd (1908), 
Jabr].). wiss. Botanik, 46 ; (1915) ihid. 55 ; Meurer (1909), tbui. ; Czapek (1911), 
Methode zLir direkten Bestimm.iing der Oberfiacbenspannung der Piasioaliant, 
-Jena; (1915) Jahrb. wiss. Bot. 66; Pantanelli (1916), 66 ; 08TERH0{'T 

(1915, 1916), Botan. Gazette, 59, 61 ; Fitting (1915, 1917), Jabrb. wiss. Bot. 56 , 
57; Hoefler (1918), Ber. bot. Ges. 36. {^®) Pfeffer (1886), Unters, botan. 

Institiit Tlibiiigen, 2; Ruhland (1914), Jahrb. wiss. Bot. 54 ; KtisTEii (1911), 
Jahrb. wiss. Bot, 50; Wisselingh (1913), Proo. Ak. v, Weteiisch. 15. (“‘^) liuNZE 
(1906), Jahrb. wiss. Bot. 42; Bachmann, Ber. bot. Ges. 22 and 29; Schulo-w 
( 1913), Ber. bot. Ges. 31. (2*^) Brown and Escombb (1900), Philos. Transact. (B) 

193. (“®) Mayer, Adolf (1901), Agrikultnrchemie, 5. Aufl. Heidelberg, (“'^) 

ScHiMPER (1889), Pflanzengeographie auf bio log. Grundlage, Jena (English 
Translation) ; Engler (1879-82), Vers, einer Entwicklimgsgeschichte d. Pflanzen- 
welt, Lpzg. ; Solms-Laubach (1905), Die leitenden Gesichtspiiiikte d. Pfianzeii" 
geographie, L. (^^) Olaussen (1901), Flora, 88 ; Lindner (1916), Beitr. z. 
Biologie, 13. 

Assimilation and Translocation.— (^s^i) ’Willstattbr and Stoll (1918), 
Unters. hb. Assimilation der Kohlensaure; Wislicends (1918), Ber. chem. Ges. 51 ; 
Schroder, H. (1917), Die Hypotliesen iiber die chem. Vorgange b. d, Eohlen- 
saureassimilation (1918), Ber, d. bot. Ges. 36. (^®) Reinke (1884), Bot. Ztg, 42 ; 

Engelmann (1884), Bot. Ztg. 42; Timiriazbff (1903), Proc. R. Soc. (B) 72; 
Kniep and Minder (1909), Zeitschr, fur Botanik, 3 ; Richter (1912), Ber, bot. 
Ges, 30 ; Ursprung (1918), Ber, bot. Ges. 36, Brown (1905), Proc. R. Soc. 
(B) 76; Ptjriewitsoh (1914), Jahrb. wiss. Bot. 53. {®^) Willstattee and 

Stoll (1915), Sitzungsber. Berk Akad. ; Willstatter in (^^). (^’^f^) Schroder 
(1919), Die Natiirwissenschaften. (^^) Nathansohn (1910), Stoffweclisel der 
Pfianzen, Leipzig ; Angelstein (1910), Beitr. ziir Biologie, 10 ; Knie? (1915), 
Jahrb. wiss. Bot. 66. (^2) Hansen (1912), Nat. Riihdschau, 27 ; Fischer (1912), 

Ber. bot. Ges. 30. (‘^^a) a. Meyer (1918), Ber. hot. Ges. 36. (^‘•^) Kbeusler, 

Landw. Jahrb. 14, 16, 17, 19; Giltay (1898), Annales jard. hot de Buitenzorg, 15; 
Sachs (1884), Arbeiten Bot. lustitut Wiirzbiirg, 3 ; Brown and Esoombe (1900), 
Philos. Transactions R. Soc. (B) 193 ; Blackman (1905), Annals of Botany, 19 ; 
ibid. Proceedings Royal Soc. (B) 76 ; Thoday (1910), Proc. Royal Soc. (B) 82. 
(^^) WiNOGRADSKi (1890-91), Annales Institut Pasteur, 4 and 5 ; Hueppe (1906), 
Ergebnisso d. intern, bot. Congr. Wien; KRZEMiEi^iEWaKi (1908), Bull, acad, 
Cracovie Niklewski (1910), Jahrb. wiss. Bot. 48 ; Lebedeff (1909), Ber. 
deutsch. bot. Ges. 27 ; Lieske (19H), Jahrb. wiss. Bot. 49 ; Kthl (1912), Beitr. 
z. Biologie, 11 ; MtiNZ (1915), Z. Phys. d. Methanbakterien, Diss. Halle. (^®) 
Darwin (1876), Insectivorous Plants; Goebel (1893), Pflanzenbiolog, Sohiide* 
rungen, 2, Marburg ; Claittriau (1900), Mem. publ. p. I’acad. de Belgique, 59 ; 
Schmid (1912), Flora, 104 ; LOtzelburg (1910), Flora, 100 ; Ruschmann (1914), 
Z. Okologie von Pinguicula . . Diss. Jena ; Stern (1917), Flora, 109. (^®) 

Heinrioher, Jahrb. wiss. Bot. 31, 32, 36, 37, 46, 47. (^’^) Winogradski (1895), 
Archives d. sc. biologiques, 3 ; ibid. (1902), Centralblatt f, Bakteriologie (II,), 9j; 
Koch (1904) in Lafar, Technische Mykologie, 3, Jena; Hellriegel and Wilfarth, 
Stickstoffnahrung d, Gramineen u. Leguminosen, Berlin ; Hiltner (1904) in 
Lafar, Technische Mykologie, 3, Jena ; De Bart (1879), Erscheinung d. Symbio.se, 
Strassburg; Fischer, A. (1903), Yorlesungen iiber Bakterien, 2. Aufl., Jena; 
Bredemann (1909), Centraibl. Bakt. 2. Abt. 23 ; Krzemibniewski (1908), Bull, 
acad. Cracovie ; Stoklasa (1908), Centraibl. Bakt. (2. Abt.) 21. Lawes, 
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Gilbert and Pugh (1862), Philos. Transact. 151 ; Sohultz-Lupitz (1881), Landw. 
Jahrb. 10. Kamienski (1881), Botan. Ztg. 39 ; Prais^k (1887, 1888), Berichto 
hot. Gesellsch. 5, 6 ; Stahl (1900), Jahrb. wiss. Bot. 34 ; Shibata (1902), Jahrb. 
wiss. Bot. 37 ; Behnarh (1909), Annales des sciences nat.- (9) 9 ; Burgefe (1909), 
Wurzelpilze der Orchideen, Jena ; Weyland (1912), Jahrb. wiss. Bot. 51 ; Miehe 
(1918), Flora, 111. (^®^) Nxenburg (1917), Ztschr. f. Bot. 9. (^®) v. Faber 

(1912), Jahrb. wi.ss. Bot. 51 ; (1914) ibid, 54 ; Miehe (1913 and 1917), ibid, 53 
and 58. The remarkable discoveries of Biedbrmanh, 1916 (Fermentforschung) 
on the origin of diastase in boiled starch, solution ’’ are still too isolated to be 
treated in the text. (^^) Greek (1901), The Soluble Ferments and Fermentation ; 
Duclaux (1899), Trait'e de microbiologie, 2, Paris; Brehig (1891), Anorgan. 
Fermente, Leipzig; Hober (1911), Physikal. Chemie d. Zelle, 3. Anti. Leipzig; 
Oppekheimer (1910), Die Fermente, 3. Anfl. L. {^‘^) Czapeic (1897), Sitzungs- 
berichte Wiener Akad. 106 ; Deleano (1911), Jahrb. wiss. Bot. 49. ('*^) Teo- 

DOREsoo and Popesco, Annal. sc. de Pimiv. de Jassy, 9; Swart (1914), Stoff- 
wandernng in ablebenden Blattern, Jena. (‘=^^) Czapek and PIuler in (®). 

Eespiration and Fermentation. ~('^^) Wortmann (1880), Arb. bot. Institnt 
Wurzburg, 2 ; Pfeffer (1885), Unters. bot. Inst. Tubingen, 1 ; Johaknsen (1885), 
Unters. a. d. bot. Inst. Tubingen, 1 ; Stioh (1891), Flora, 74 ; Kostytschbw 
(1913), Ber. bot. Ges. 31.. (‘*<^) Palladin (1909), Biochem. Zeitschr. 18 ; Bach 

(1910), Abderhaldens Fortschritte der natiirwissenscliaftlichen Forsclmng, 1 ; 
Kostytschew (1911), Jahrb. wiss. Bot. 50. ('^^) Winograhski (1887), Botan. 
Ztg. 45 ; (1890-91) Annales Institnt Pa.stcur, 4, 5 ; Niklewski (1907), Bull, 
acad. Cracovie ; Sohngen (1906), Obi. Bakt. (II.) 15 ; cf. also the literature in (2^) ; 
Meyerhof, PMgers Archiv f, Phys. 164-166. Of. Czapek, Euler and 

Nathansohk in (®) ; Oppenheimer, cited in (^'^) ; Kruse (1910), Mikrobiologie ; 
Beneoke (1912), Ban und Leben d. Bakterien, L. ('^^) Buchner, E. and H., and 
Hahn (1903), Die Zymasegarung, Miinchen ; Buchner (1908), Biochem. Zeitschr. ; 
Fischer, A. (1903), Tories, lib. Bakt. 2. AufL Jena ; Mayer, Ad. (1906), Lehrb. 
d. Agrikulturchemie, vol. iii. 6. Aufl. ■ Heidelberg ; Euler (1911), Zeitschr. fxir 
physiol. Chemie, 70 ; Euler and Lindner (1915), Chemie der Hefe und der 
alkohol.- Garung, Lpzg. (^®) MonscH (1914), Ztschr. f. Botan. 6 ; Leick (1916), 
Biol. Centralbl. 36. (®^) Molisch (1912), Leuchtende Pfianzen, Jena, 2. Aufl. 


Development 

(5’-2) Pfeffer (1904), Physiologie, 2 ; Winkler (1913), Entwickluiigsphysiologie 
in Handwbrterb. d, Naturw. vol. iii. Jena, 

Introductory Remarks.— Sachs (1873), Arb. bot. Inst. Wurzburg, 1 ; 
Buekom (1915), Proefschrift Utrecht (1913) K. Ak. An^eterdam. Proc. (®‘^) Sachs 
(1882), Vorlesungen iiber Pflanzenphysiologie ; Berthold (1904), Unters. z. 
Physiol, der pflanzL Organisation, Leipzig, (f) Vochting (1878), Organbildimg, 
Bonn; iUd. (1908), Untersuchung z, exp. Anatoraie u, Pathologie, Tubingen; 
Simon (1908), Jahrb. wiss, Bot. 45 ; Berichte bot. Ges. 26 ; Goebel (1902), Biolog. 
Centralbl. 22 ; Mmeo (1905), Studien liber Regeneration, Berlin ; Korschelt 
(1907), Regeneration und Transplantation, Jena ; Morgan (1907), Regeneration ; 

, Winkler (1913^), Handworterb. d. Naturw. Jena, vol. iii. /^Entwicklungs- 
' physiologic ; Linsbauer (1915), Denkschr. d., Akad. Wien, 93. (®®) Kassner 

(1910),jZ6itschf. £ Pflanzenkrankheiteh, 20. 

. , Factors of Development. —(®^) Blaauw (1914 and 1915), ^tschr. f. Bot. 6 and 7 ; 
r,- Vogt (1915), Zt^hA £■ -Bolir 7; /Sierp (1918), Ztschr. f. Bot. 10. (^^a) Klebs 
- (1 917), Sitzb. Klv Kornicke (1904), Ber. bot^Ges. 22 ; 
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(1915), Jallrb. ^viss. Bofc. 56; Urspeung (1917), Ber. bot. Ge,s. S5. Stahl 
(1883), Jen. Zeitsclir. f. ’ Natnrwiss. 16; Noedhausek (1901), Julirb. %vUs. l.k,L 
37 ; Ber. bot Ges. 30 '(1912). (^‘^a) Voechting (1918), Unters. z. exp. Armtoiuie u. 

Patliologie, Tubingen, ("'-'i^) Schilling (1915), Jahrb, wiss. Bot. 55. (*‘*^} KUsttii 

(1911), Die Gallon cler PHanzen ; (1916) ' Pathol. Paanzennnatoinie, leiia ; 

Magnus (1914), Entstehung d. Gallon, Jena; Molliard (1918), Botaiiisebos 
Oentralbl. 138. («‘^‘") Heineichee (1916), Deiikschr. Ak. Miss. Wien, niath.-nai. 

Kl. 93; Buegeff (1909), Die Wurzelpilze der ■ Orcbideen, Jena. Goebel 
(1880), Bot. Ztg. 38 ; id. (1908) Experimentelle Morphologic, Leipzig ; IblcETiNC 
(1892), Die Transplantation, Tiibingen ; id, (1885) Jalirbiioher. f. wiss. Bot. 16, 
(6Ja) Winklee (1908), Ber. d. bot. Ges. 26a; id, (1909) Zeitsebr. f. Bot. 1; 
id. (1910), iUd. 2 and Ber. bot. Ges. 28 ; Noll (1905), Sitzungsber. nicdenh. 
Gesellschaft f. Natur- nnd Heilknnde ; Steasbxjegee (1907), Jahrb. wiss. Bot. 44 ; 
id. (1909), Ber. bot. Ges. 27 ; Budee (1911), Zeitsclir. f. Abstarniniiugslehre, 5: 
Macfarlane (1895), Transact. R. Soc. Edinb. 37 ; Batte and Winkler (1911), 
Zeitsclir. f. Bot. 3 ; Baur (1911), see (®^) ; Winkler (1912), Unters. iibor Pfropf* 
bastarde, Jena; Meyer (1915), Zts. f. Abstammungslebre, 13. ^Vinkleb 
(1916), Zts. f. Botan. 8 ; Burgeff (1914-15), Flora, 107 and 108. 

Course of Development. --(®-) Soeauee (1913), Pfianzenkrankheiten, Berlin, 
4. Aufl. (®‘’) Penzig (1890), Pflanzenteratologie. (‘^•^) KOstee, E. (1916), Patliolog. 
Pflanzenanatomie, Jena, 2. Anil. (®^) Klebs (1912), Biolog. Oentralbl. 32 ; id. 
(1914), Abh. Heidelb. Akad. ; id, (1915), Jahrb. wiss, Bot. 56 ; Kustee (1918), 
Flora, 111 ; Lakon (1915), Biol. Cbl. 35 ; Munk (1914), Biol. Cbl. 34 ; Simon 
(1914), Jahrb, wiss. Bot. 64; Webee (1915), Ber.. bot. Ges. 34; Kniep (1915), 
Die Natiirwissenschaften," 3 ; Volkens (1912), Laubfall u. Laubenieuerung in 
d. Tropen, Berlin. (^’‘^) Fischer, A. (1907), Ber. bot. Oes. 25 ; Crocker and 
Davis (1914), Bot. Gaz. (^®). (®'^) Gassnee (1915), Jahrb. wiss. Bot. 55 ; Lehmann 

(1915), Zts. f. Bot. 7; (1913) iUd. 5; (1918) Ber. bot. Ges. 36; Ottenwalbee 
(1914), Zts. f. Bot. 6. (^^) JoHANNSEN (1906), Atherverfahren b. Trtdbeii, Jena ; 

Molisoh (1909), Das Warmbad, Jena ; Jesenko (1912), Ber. bot. Ges. 30 ; Lakon 
(1912), Zeitschr. f. Bot. 4 ; MtiLLEE-TnuEGAU and Sohneihee-Oeelli, Flora, 101 
and 104 ; Webee (1916), Sitzungsber. Ak. Wien, i. 125. (®^) Of. Goebel (1908), 
Exp. Morphologie, Lpzg. ; (1916) Biolog. Oentralbl. 36 ; Winkler, cited in (‘■*-). 
('<^) Winkler (1916), Zts. f. Bot. 8 ; Geeassimoff (1904), Bot. Cbl. Beib. 18 and 
Bull. Soc. Natur. Moscou ; Marchal (1907 and 1909), Bull. acad. Belg. (^^) 
Kraus (1868), Jahrb. wiss. Bot. 7 ; Sachs (1903),- Flora, 77 ; Sielip (1913), Jahrb. 
wiss, Bot. 53 ; Kraus (1915), Sitzungsber. phys. raed. Ges. Wurzburg. ('^“) 
Haberlandt (1913, 1914), Sitzungsber. Berliner Akad. ; Karsten- (1915 and 
1918), Ztschr. f. Bot. 7^ and 10 ; Lamprecht, Beitr. z, allg. Botanik, 1, 
Strasburger (1898--99), Deutsche Rundschau ; Sghengk (1907), Wiss. Ergeb- 
nisse der Tiefsee Expedition, voL ii. Heft 3, Jena. ('^■^) Klebs (1903), Willhur- 
licbe Entwioklungsanderungen, Jena ; id. (1896), Fortpflanzungsphysiologie nied. 
Organismen, Jena; (1918) Flora, 111, ('^^) Correns (1907), Bestiniiuung und 

Vererbung des Geschlechts, Berlin; Steasburgee (1909), cited in (’^*^) ; (1910) 
Jahrb. wiss. Bot. 48; Noll (1907), Sitzungsber. niederrb, Ges. (^^') Noll (1902), 
Sitzungsber. niederrb. naturf. Gesellsch. ; Eweet (1907), Parthenokarpie . . . d. 
Obstbaume, Berlin ; Mullbe-Thuegau (1908), Landw, Jahrb? d. Schweiz. ('^'^) 
Fitting (1909-10], Zeitschr. f. Bot. 1, 2 ; (1909) Biplog. Oentralbl. 29. (’^®) 

Another view is held by Schellenberg, Report of meeting of 15th Nov. 1907 of 
the Gesellschaft schweizerischer Landwirte. (^^) Winkler (1908), Progr, rei 
bot. 2; Strasburger (1909), Zeitpunkt der Bestimmung ,des Gescddechts, 
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Apogtimi©, Parthenogenesis, etc., Jena j Ernst (1918), Bastaidiemiig als Ursaclie 
der Apogamie, Jena. {^O) Strasbtjiigeii (1905), Die stofflicheii Gnindlagen der 
Vererbung, Jena ; Correns (1912), Die neueii Vererbiingsgesetze, Berlin ; Hacker 
(1911), Allgemeine Yererbungslehre, Braunschweig; Johannsen (1909), Elemente 
der exakten Erblichkeitslelire, Jena; Baur (1911), Einfiibrung in die exp. 
Yererbungslehre, Berlin. On the whole siibj ect consult the Zeitsclirift fiir indvdvtive 
Abstanimungs- und Yererbungslehre, Berlin. KcIlreuter (1/61—66), York 
Nachr. v. einigen d. Geschlecht d. Pflanzen betreffenden Yersuchen und Beobach- 
turigen (Ostwalds Klassiker, No. 41) ; Fooke (1881), Die Pfianzemnischlingo, 
Berlin; De Yries (1903), Die Mutationstheorie. n Mendel (1901), Flora, 89 
(Ostwalds Klassiker, No. 121) ; Correns (1903), Mendels Briefe an Naoeli (Abh. 
Sachs. Ges. d. Wiss, 29); De Yries (1900), Berichte hot. Ges. 18; ul (1903), 
Die Mutationstheorie, Leipzig; Correns (1900), Berichte hot Ges. 18; Tschermak 
(1900), Zeitschr. f. landw. Yersuchswesen in Osterreich. (s=^) Correns (1918), 
Sitzungsber. Akad. Berlin. («^) Rosen (1911), Beitr. z. Biologie, 10 ; ul. (1913), 
Beitr. z. Plianzenzucht, Heft 3 ; Lehmann (1914), Zeitschr. f. ind. Abst. 13. 
(^'^) Darwin (1868), Animals and Plants under Domestication ; De Yries (1903), 
see (^‘^) ; Johannsen (1909), Elemente der exakten Erblichkeitslehre, Jena ; Baur 
(1914), Einf. in die Abstammungslehre, 2. Aufl. Berlin. De Yries (1903), 
cited in (®‘‘^) ; ibid. (1912) Die Mutationen in der Erblichkeitslehre, Berlin; 
Korsohinsky (1906), Flora, 89 ; Wolf (1909), Zeitschr. f. Abstammungslehre, 2 ; 
Lehmann (1914), Naturwissenscbaften, 2 ; Haenioke (1916), Ztschr. f. Bot. 8. 
(®7) Darwin (1859), Origin of Species; Klebs (1916), Zts. f. Abst. u. Yererbg. 17 ; 
Lamarck (1809), Philosophie zoologique ; Lotsy (1908), Yorlesungen lib. Deszen- 
denztheorie, Jena ; Renner (1917), Zts. f. Abst. ii. Yererbg. 18 ; Lehmann (1918), 
Ztschr. f. Botanik, 10 (collected references). 

Movement 

(®^) Pringsheim (1912), Reizbewegungen d. Pfl., Berlin ; Jost (1913), Reizbe- 
wegungen in Handw, d. Naturwissenscbaften, Jena, vol. viii. (^‘') Ulehla (1911), 
Biolog. Oentralbl. 31 ; Buder (1915), Jalirb. wiss. Bot. 56. (^^) Muj.lee (1908), 

Ber. bot Ges. 27. (®^) Fechner (1915), Ztschr. f. Bot. 7 ; Schmidt (1918), Flora, 
111. (^2j Rothert (1901), Flora, 88 ; Jennings (1910), Das Yerhalten der 

niederen Organismen, Lpzg. ; Buder (1915, 1917), Jahrb. wiss. Bot. 56, 58 ; 
Nienburg (1916), Ztschr. f. Bot 8 ; Oltmanns (1917), Ztschr. f. Bot. 9. (^^) 

Senn (1908), Die Gestalts- und Lageveninder ungen der Pflanzoiichromatophoren, 
Leipzig; (1919) Ztschr. f. Bot 11. Pfefeer (1884), Unters. Bot Institut 
Tiibingeii, 1 ; Rothert (1901), Flora, 88 ; Kniep (1906), Jahrb. wiss. Bot 43 ; 
Bruchmann (1909), Flora, 99 ; Shibata (1911), Jahrb. wiss. Bot 49 ; Kusano 
(1909), Journ. Coll, of Agric. Tokyo, 2 ; Pringsheim (1916), Zts. f. physiolog. 
Chemie, 97. (^") Steinbrinck (1906), Biol. Centralbl. 26. (^^) Renner (1915), 
Jahrb. wiss, Bot 56 ; IJrsprung (1916), Ber. bot Ges. 33. j^^) Pfeffer (1893), 

Die Reizbarkeit d. Pfi. (Verb, d, Ges. d. Naturforscher) ; Noll (1896), Sinnesleben 
d. Pflanze (Ber. Senckenberg. Gesellsch.) ; Fitting (1905-1907), Reizlcitung (Ergeb- 
nisse d. Physiolo^ie, 4, 5) and Jahrb., wiss. Bot 44 and 45; Jost (1913), Reizbe- 
wegungen in Handworterb. d. Naturw. Jena, vol. viii. (®^) PoLowzow (1909), 
Enters, iiber Reizerscheinungen, Jena ; Kniep (1916), Fortschr. d. Psychologie, 4. 

Tropisms.™ (9^) Knight (1806), Ostwalds Klassiker, 62 ; Duteochet (1824), 
Rech. sur la structure intime, (Ostwalds Klassiker, 154) ; Hofmeister (1863), 
Jahrb. wiss. Bot 3; Fbank (1868), Beitrage z. Pflanzenphysiologie, Leipzig; 
Sachs (1874),, Arb.- bot. Inst Wtoburg, 1; (1879) ibid. 2; Luxbi]rg'^( 1905), 
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Jahrb. wiss. Bot. 41 ; Sohobeh (1899), Anschauungeii liber Geotropiniu us scit 
Knigbt, Hamburg, Programm ; Fitting (1905), Jalirb. wiss. Bot. 41 ; id. ilOBi), 
Handworterb, cl. iiaturw. Reizbewegimgen, vol. Yiii. Jena; Giltay (1910;, 
Eeitscbr. f. Botan. 2 ; Engler, A. (1918), Tropismen ii. exzeiitriscbes Dickeii- 
wacbstum, Zliricli. Simon (1912), Jabrb. wiss. Bot. 51 ; Hardeh (1914), Ber. 
bot. Ges. 32. JosT (1901), Botan. Ztg. 59; Riss (1915), Zeltaclir. f. Botaiilk, 
7. SCHWENDENEE. (1881), Sitzungsber. Berlin. Akad. ; Wortmann (1886), 
Botan. Ztg. 44; Noll (1892), Heterogene Induktion, Leipzig ; (1901), 

Sitzungsber. niederrbein. Ges. ; Nienburg (1911), Flora, 102 ; Bremekamb (1912), 
Rec. tray. bot. neerland. 9 ; Miehe (1915), Jabrb. wiss. Bot. 56. Noll (1892), 
Heterogene Induktion, Leipzig ; Nemeo (1900), Berichtebot. Gesellscb. 18 ; further, 
Jabrb. wiss. Bot. 36 ; Studien iiber Regeneration, Berlin, 1905 ; Haberlandt 
(1900), Bericbte d. bot. Gesellschaft, 18 ; also Jabrb. wiss. Bot. 38, 42,. 44 ; Blder 
(1908), Ber. bot. Gesellscb. 26 ; Darwin (1899), Annals of Botany, 13; (1903) 
Proc. R. Soc. 71; (1904) 73 and British Assoc. Cambridge ; Noll (1902), 

Bericbte bot. Ges. 20 ; (1905) Sitzungsber. niederrh. Gesellscb.; Czapek (1S95 
and 1898), Jabrb. wiss. Bot. 27, 32 ; Fitting (1905), cited in (®^) ; Zielinsky 
(1911), Zeitschr. b Bot. 3 ; Knoll (1909), Sitzungsber. Wien. Akad. (I.) 118; 
Bischofe (1911), Beihefte botan. Cbl. 28 ; Haberlandt (1914), Sitzungsber. Ak, 
Berlin ; Dewers (1914), Beib. bot. Cbl. 31 ; Zollikofer (1918), Ber. bot. Ges. 86. 
(^®^) Rutten-Pekelharing (1910), Tray, botan. n4erl. 7 ; Maillefbr (1910), Bull, 
soc. yaudoise des so. nat. 4^Q ; id. {1912), ibid. 48 ; Frosohel (1909), Naturw. 
Woobenscbr. ; Trondle (1913), Jabrb. wiss. Bot. 52 ; (1915) N. Denkscbr. 
scliweiz. nat. Ges. 51. (^^^) WufcsNER (1878-80), Heliotrop. Erscbeiniingeu 

(Denkscbriften k. k. Akad. AVien) ; Stahl (1881), Kompasspflanzen, Jena; 
Oltmanns (1892 and 1897), Flora, 76 and 83 : E. Pringsheim (1907-1909), Beitr. 
z. Biologie, 9 ; Arisz (1911), Kon. Akad. Amsterdam. Proceed. ; Noack (1914), 
Zeitschr. f. Bot. 6 ; Bijder (1917), Jabrb. wiss, Bot. 58 ; Karsten (1918), 
Flora, 111 ; Engler, A,, see {^^) ; Heilbronn (1917), Ber. bot. Ges. 35. 
Blaauw (1918), Med. van Landbouwhooge School Wageningen, 15. Oltmanns 
(1897), Flora, 83 ; Pringsheim (1907-1908), Beitr. z. Biologie, 9 and 10 ; Arisz 
(1915), Rec. des trav. bot. neerland. 12. Darwin (1881), Power of-Movement 
in Plants ; Yochting (1888), Bot. Ztg. 46 ; Rothert (1894), Colms Beitr. z. 
Biolog. 7 ; Haberlandt (1905), Lichtsinnesorgane L. ; id. (1916), Sitzb. Berl. 
Akad. ; Fitting (1907), Jabrb. wiss, Bot, 44 and 45 ; Kniep (1907), Biolog. 
Centralbl. 27 ; Nordhaesen (1907), Ber. bot. Ges. 25 ; Gius (1907), Sitzungsber. 
Wien. Akad- 116 ; Boysen-Jensen (1911), Acad, de Danemark, Bulletin ; Blaaitw 
(1909), Die Perzeption des Licbtes, Nymwegen ; Van der AVolk (1911), Proc. 
Akad. Amsterdam. (^<^9) Fitting (1907), Jahrb. wiss., Bot. 44 ; Boysen-Jensen 
(1911), Ber. bot. Ges. 31 ; Paal (1914), Ber. bot. Ges. 32 ; (1918) Jabrb. wiss. 
Bot. 58. Haberlandt (1916), Sitzungsber. Akad. Berlin ; Nordhausen 

(1917), Zts. f. Botan. 9. (^^®) Molisch (1889), Sitzungsanzeiger Wien. Akad, ; 

AIiyoshi (1894), Flora, 78 and Botan. Ztg. 52; Sammet (1905), Jahrb. wiss. Bot. 
41 ; Lilienfeld (1905), Ber. bot. Ges. 23 ; Sachs (1872), Arb, bot Inst. Wiirzburg, 
1 ; Molisch (1883), Sitzungsber. AVien. Akad. 88 ; Molisch (1884), Sitzungsber, 
Wien. Akad. 90; PoLOWzow (1909), Untersuchungen iiber Reizerscheiuimgen bei 
den Pflanzen, Jena; Porodko (1912),. Ber. bot. Ges. 30. {^^^) Darwin (1876), 

Climbing Plants ; Pfeffer (1885), Unters. bot. Institut Tubingen, 1 ; Fitting 
(1903), Jahrb. wiss. Bot. 38 ; Schenck (1892), Beitriige zur Biologie der Lianen, 
Jena; Peirce (1894), Annals of Bot. 8. (^^^j ( 1916 ), Jabrb. wiss. Bot. 57 ; 

(1917) Ber. bot Ges. 35. ' . , 



762 


BOTANY 


Nastic Movements.— {^^*0 Kniep (1913), Haiidw. d. Nature. Jena, vol. viii., 
Rcizersclieiiiungen ; Lxnsbauee (1916), Flora, 109; Goebel (1916), Biol. Cbl. 36. 
(114) (1875), Periodische Bewegungen, Leipzig ; iUd, (1907) Xlnterw. iiber 

Entstehimg d. Sclilarbewegungen (Abli. K. Ges. d. Ydss. Lei]>zig) ; Fikcher 
(1890), Bot. Ztg. 48 ; Oltjvianns (1895), Bot. Ztg. 53 ; Stahl (1897), Bot. Ztg. 
55; Stoppel (1910), Zeitsclir. f. Bot. 2; Stoppel and Kniep (1911), iUd, 3; 
Erban (1916), Ber. bot. Ges. 34. Pfeffer (1915), Abli. Kgl. Gesellscb. 

Leipzig, 34 ; Stoppel (1916), Ztschr. f. Bot. 8. (i^«) Darwin (1876), Insectivorous 

Plants ; Cokiiens (1896), Bot. Ztg. 54 ; Benecke (1909), Zts. f. Botanik, 1 ; Hooker 
(1916), Bull. Torrey Club, 43. (117) Bruoke (1848), Arcbiv f. Aiiatoinie u. 
Physiol. (OsTWALDS Klassiker, 95); Bert (1867~70), Mem. Soc. Bordeaux, 
Paris; Pfeffer (1873), Pliysiolog. Untersiichungen ; Haberlandt (1890), Das 
reizleitende Syst. d. Sinnpflanze, Leipzig; id. (1901), Sinnesorgane im Pflanzen- 
reicii, Leipzig; Pfeffer (1873), Jahrb. wiss. Bot. 9 ; Fitting- (1903), Jalirb. wiss. 
Bot. 39 (1905, 1906), Ergebnisse d. Physiol. 4, 5; Linsbauer (1908), Wiesner- 
Festschrift, Wien ; Lutz (1911), Zeitschr. f. Botanik, 3; Bose (1913), Res. on 
Irritability of Plants, Bombay and Calcutta. (^^^) Linsbauer (1914), Ber. bot. 
Ges. 32 ; Bose, cited in (^^’). (^^®) Stark, see (^^^). 

THALLOPHYTA, BRYOPHYTA, PTERIDOPHYTA, BY H. SCHENCK 

(^) Engler-Prantl, Naturl. Pflanzenfainilien, vol. i. ; Lotsy, Yortrage iiber 
botanische Stammesgeschiclite, vol. i. 1907, vol. ii. 1909 ; L. Rabenhorsts 
Kryptoganienfio.ra von Deutschland, Osterreicli und der Schweiz ; Pascher, Die 
Siisswasser flora Deutscbl., Osterreichs u. d. Schweiz. (^) Klebs, Die Beding. der 
Fortpflanzung bei niederen Algeii und Pilzen, 1896, and Jahrb. f. wiss. Botanik, 
vols. xxxii.-xxxiv., also Willkiirl, Entwickliingsand. bei Pflanzen, 1903. 

Lower Thallophyta.— '(^) A. Fischer, Vorlesung. iiber Bakterien, 1897, 2. Aufl.. . 
1903 ; Miehe, Bakterien, Leipzig, 2. Aufl. 1918 ; Lehmann and Neumann, 
Baktoriologie ; Gunther, Bakteriologie ; Heim, Lehrb. d. Bakteriologie ; 
Lohnis, Landwirtsch. bakteriolog. Praktikum, 1911 ; Benecke, Bau und Leben 
der Bakterien, 1912; A. Meyer, Die Zelle der Bakterien, 1912; Viehover, Ber. 
deutsch. bot. Ges. vol. xxx. 1912, p. 443. (•^^) Budeii (Thiospirillnni), Jahrb. 

wiss. Bot. vol. Ivi. 1915, p. 629. ('‘) Molisch, Die Purpur bakterien, Jena, 1907. 

Leuchtende Pflanzen, 2. Aufl. 1912. (®) von Faber,^ Jalirb. wiss. 

Bot. vol. li. 1912, p. 283. {') Sorauer, Lindau, Reh, Handbuch der Pflanzen- 
krankheiten, 1906, W. Magnus, Ber. deutsch. hot. Ges. vol. xxxiii. 1915, ji. 96. 
(®) Miehe, Ztschr. f. Plygiene u. Infekt. vol. Ixii. 1908, p. 155. ('^) Kfsil, 

Schwefelbabterien, Diss. Halle a. S. 1912 ; Molisch, Die Eisenbakterien, 1910 ; 
Lieske, Jahrb. f. wiss. Bot, vol. xlix. 1911, p. 91, (^‘^) A. Fischer, Unters. iiber 
den Bau der Cyanophyceen u. Bakterien, 1897, also Bot. Zeitg. 1905, p. 51 ; 
Hegler, Jahrb. f. wiss. Bot vol. xxxvi. 1901, p. 229 ; M assart, Recueil de Finst. 
bot. de Bruxelles, vol. v. 1902 ; Brand, Ber. deutsch. bot. Ges, 1901, p. 162; 
1905, p. 62, and Beihefte hot Ztrbl. vol. xv. 1903, p. 31 ; Fritsch, Beihefte bot. 
Zentrbl. vol. xviii. 1905, p. .194 ; Olive, Beihefte bot Ztrbl. 1906, vol. xviii, 
p. 9 ; Guillibemond, Revue g4h4r. de bot vol. xviii. 1906, p. 392 ; Pringsheim, 
Die Naturwissenschaften, 1913, p. 496 ; Fechner, Ztschr. f. Bot vol. vii. 1915, 
p, 289 ; PiEPBR, Dissert Berlin, 1915 ; Klein, Anzeig. Akad. Wien, vol. lii. 1916. 

G. Schmidt,, Flora, N.F. vol xi. 1918, p. 327 ; R. Harder, Ztschr. f. Bot 
vol. X. 1918, p: 177. Harder, Ztschr, f. Bot. vol. ix. 1917, p. 146. (^^) 

1905, and 
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Haiiclworterb. der Katiirw. voL i. Senn, Ztsclar. f. wiiss. Zool. vol. xevii. 
1911, p. 605 ; E, Doflein, LelirbucE der Protozoenkunde, i. Anil. 1916 ; Pasciiek, 
Ber. deutscli. bot. Ges. vol. sxix. 1911, p. 193, vol. xxxii. 19U, p, 136, voi. xxxiv, 
1916, p. 140, and Arcbiv f. Protistenk. vol. xxv. 1912, p. 153, vol. xxxvi. 1915, p. 81 ; 
Pascher, Ilagellaten u. Ehizopoden in ihren gegenseitigen Bezielumgen, 1917. 
(^2a) Lemmermann, Ber. deutsch. bot. Ges. vol. xix, 1901, p. 247. LomiANN, 
Arcbiv f. Protistenk. vol. i. 1902, p. 89 ; Schiller, Die Katurwissenscbaften, 
vol. iv. 1916, p. 277. G. Haase, Arcbiv f. Protistenk, vol. xx. 1910, p. 47 ; 
Oh. Ternetz, Jabrb. wiss. Bot. voi. lx. 1912, p. 435. Lister, A Monograpli 
of the Mycetozoa, 1894 ; Harper, Bot. Gaz, vol. xxx. 1900, p. 217 ; Pavillard, 
Progressus rei bot. vol. iii. 1910, p. 496 ; Pascher, Ber. deutsch. bot. Ges. 
vol. xxxvi. 1918, p. 359. Jahk, Ber. deutscjb. bot. Ges. 1911, p. 231. 

(15) "WoRONiN, Jalirb. f. wiss. Bot, vol. xi. 1878, p. 548 ; Nawaschix, flora, 
1899, p. 404 ; PiiOWAZEK, Arb. kais. Gesimdheitsanit, vol. xxii. 1905, p. 390 ; 
Marchakd, 0. r. Acad. Paris, vol. cl. 1910, p. 1348 ; Schwartz, Annals of Bot. 
vol. xxv. 1911, p. 791, and vol. xxviii. 1914, p. 227 ; Jahh, Ztsclir. f. Bot. vol. vi. 
1914, p. 875. Thaxter, Bot. Gaz. vol. xiv. 1892, p, 389 ; vol. xxiii. 1897, 
p. 395, and vol. xxxvii. 1904, p. 405 Qrehl, Ctrbl. f. Bakt. vol. ii. 16, 1906, 
p. 9 ; Vahle, ibid. vol. xxv. 1909, p. 178. Schutt, Die Peridin. der 
Planktonexpedition, 1895 ; Schilling, Flora, 1891, p. 220 ; Ber. deutsch. bot 
Ges. 1891, p. 199; Joergensen, Die Ceratieii, Leipzig, 1911 ; Klbbs, Verb. nat. 
ined. Verein Heidelberg, vol. ix. 1912, p. 369; Schilling, Die Dinofiagellaten in 
Pasohers Siisswasserfiora Deutschlands, 1913. Schutt, Das Pfianzenlobeu der 
Hochsee, 1893 ; Gran, Das Plankton des norwegischen Kordmeeres, 1902; 
Karsten, Wiss. Ergeb. der deutschen Tiefsee-Expedition, 1898-99, 1905-1907. 
(19) Klebs, cf. (!''). (99) Dippel, Diatomeen der Rhein- Mainebene, 1905 ; von 

Schonfeldt, Diatomaceae Germaniae, 1907 ; 0. Muller, Ber. deutsch. bot. Ges. 
1898-1909 ; Heinzerling, Bibl. bot. Heft 69, 1908 ; Mangin, Ann. sc. nat. 
9® s6r. vol. viii. 1908, p. 177 ; Karsten, Handworterb. d. Natnrw. vol. ii. p. 960 .; 
Karsten, Ztschr. f. Bot vol. iv. 1912, p. 417. (^i) Gran, Die Diat der arkt. 

Meere, Fauna arctica, vol. iii. 1904 ; Karsten, Ber. deutscli. bot. Ges. 1904, 
p. 544, and Wiss. Ergebn. der d. Tiefsee-Exped. vol. ii. 2. Teil, 1907, p. 496 ; 
P. Bergon, Bull. soc. bot. France, vol. liv. 1907, p. 327 ; Pavillard, Bull. soc. 
bot. France, vol. Ixi. 1914, p. 164 ; Schiller, Ber. deutsch. bot Ges. vol. xxvii. 
1909, p. 351. (99) Benecke, Jabrb. f. wiss. Bot vol. xxxv. 1900, p. 535 ; 

Karsten, Flora, Ergzb. 1901, p. 404 ; Richter, Denkschr. Akad. Wien, vol. 

. Ixxxiv. 1909. (99) Sauvageau, Station dTArcachon, Travaux des labor, vol. ix. 

1906, p. 49, and vol. x. 1907, p. 1. (9^) W. West and G. S. West, A Monograph 

of the Brit Desinid. vol. i. 1904; Kauffmann, Ztschr. f. Bot. 1914, p, 721. 
(9®) Lutman, Bot. Gaz, vol. xlix. 1910, p. 241, and vol. li. 1911, i). 401 ; van 
Wisselingh, Ztschr. f. Bot. vol. iv. 1912, p, 337. (96)^TRONr>LE, Ztschr, f. Bot. vol, 
iii. 1911, p. 593, and vol. iv. 1912, y. 721 ; Kurssanow, Flora, vol. civ. 1911, p. 65, 

Algae.— (9'7) Pascher, Hedwigia, vol. liii. p. 6. (9^) Kutzing, Tabulae 

phycologicae. (9®) Wollenweber, Ber. deutsch. bot. Ges. vol, xxvi. 1908, 
p. 238, (99) Gorosghankin, Flora, 1905, p. 420, (9^) Gehneok, Beihefte bot. 
Centralbl. vol. xxi.9 221; Treboux, Ber. deutsch. bot Ges. vol. xxx. 1912, 
p. 69. (99) Grintzesco, Rev,, gen4r. de bot, vol. xv. 1903, p. '6. (^) Harper, 

Bull. Univ. Wisconsin, Ho. 207, 1908, p. 280. (9^) Pascher, Hedwigia, vol xlvi. 

1907, p. 265 ; VAN Wisselingh, Beih. bot. Otrbl. vol, xxiii. I, 1908. (9®) Allen, 

Ber. d. bot Gesellsch. 1905, p. 285. (9®) Haberlandt, Sitzb. Akad. Wien, 

vol. cxv. I. 1906, p. 1; Svbdelius, Ceylon Marine Biolog. Reports, Ho. 4, 1906. 
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(3') Fjleund, Beih. bot. Ctrbl. vol. xxi. I. 1907, p. 55. Davis, Bot. Gazette, 
voL xxxviil 1904, p, SI ; Heidingee, Ber. deutscli. bot. Ges. vol, xxvi. 1908, 
p. 312. (39) Skottsberg, Wiss. Erg. der scliwed. Siidpolarexpedition, vol. iv. 

Lief. 6, 1907, p. 80 ; Frye, Bigg and Cb-ANDall, Bot. Gaz. vol. lx. 1915, p. 478. 
(^9) Sauvageau, Societe sc. d'Arcacbon, Station biol, 11® aniiee, 1908, p. 65, 
(■^1) Sauvageau, 0. rend. Soc. de biolog. Paris, vol. Ixii. 1907, p. 1082; Sohillei:, 
Internat. Revue der ges. Hydrobiol. vol, li. 1909, p. 62 ; F, Borgesen, The Species 
of Sargassum, Kopenhagen, 1914, and The Marine Algae of the Danish West Indies, 
Part II. 1914, p. 222. Hansteen, Jahrb. f, wiss. Bot. vol. xxxv. 1900, p. 611 ; 
Hunger, ibid . vol. xxxviii. 1903, p. 70 ; Kylin, Ztschr. f, Bot. vol. iv. 1912, 
p. 540 ; Kylin, Ztschr. f. phys. Ohemie, vol. xciv. 1915, p. 337, and Ber. dentsch, 
bot. Ges. vol. xxxvi. 1918, p. 10'; Wille, Univers. Festschrift Christiania, 1897 ; 
Sykes, Annals of Bot. vol. xxii. 1908, p. 292 ; Kniep, Internat. Revue der 
Hydrobiologie, vol, yii. 1914, p. 1. (-^3) Yamanouohi, Bot. Gaz, vol. xlviii. 1909, 

p. 380, and Bot. Ztrhl, vol. cxvi 1911, p. 435 ; Yamanouchi, Bot. Gaz. vol. liv. 
1912, p. 441. (^‘^) Kylin, Ber. deutscli. bot. Ges. vol. xxxv. 1917, p. 298. 

(^5) AVilliams, Annals of Bot, vol. xi. 1897, p. 546, and voL xviii. 1904, pp. 141 and 
183, vol. xix. 1905, p. 531; Lewis, Bot. Gaz. vol. 1. 1910, p. 59; Mottier, 
Annals of Bot. vol. xiv, 1900, p. 163. Sauvageau, C. rend. Paris, vol. clxi. 
1915, vol. clxii. 1916, vol. clxiii. 1917 ; Kylin, Svensk. bot. Tidsk. vol. x. 1916, 
p. 551, vol, xii 1918, p. 21 ; Pascher, Ber. deutscli. hot. Ges. 1918, p. 246 ; 
Kuokuok, ibid . 1917, p. 657. Yamanouchi, Bot. Gaz, vol. xlvii. 1909, 

p. 173 ; Nienburg, Flora, vol. ci. 1910, p. 167, and Ztschr. f. Bot. vol. v. 1913, 
p. 1 ; Sauvageau (Cystoseira), Bull. stat. hiol. d’Arcachon, 14. Jahrg. 1912 ; 
Kylin, Ber. deutscli. bot. Ges. vol, xxxiv. 1916, p. 194 ; Meves, Archiv f. mik. 
All. vol. xoi. 1918, p. 272. Mottier, Annals of Bot. vol. xviii. 1904, p. 246 ; 
Strasbueger, Wiesner-Festschrift, 1908, p. 24 ; Schenck, Bot. Jahrb. f. System, 
vol. xlii. 1908, p. 1 ; Oehlkers, Ber. deutsch. bot. Ges, vol. xxxiv. 1916, p. 223 ; 
Goebel, Flora, N.F. vol. x. 1918, p. 344. Ernst, Bastardierung als Ursache 
der Apogamie im Pflanzenreich, 1918. (‘^^) Wolfe, Annals of Bot. vol. xviii. 

1904, p. 607 ; Yamanouchi, Bot. Gazette, vol. xli. 1906, p. 425 ; Kurssanow, 
Flora, vol. xcix. 1909, p. 311 ; Svedblius, Ber. deutsch, bot. Ges. vol. xxxii. 
1914, p. 48 ; Schiller, Osterr. hot. Ztschr. 1913, No. 4 ; v. Faber, Ztschr. f. 
Bot. vol. V. 1913, p. 801 ; Kylin, Ber. deutsch. Bot. Ges. vol. xxxv. 1917, p. 155. 
(49a) SvEDBLius, Kgl Svensk. Vetenskapsakad. Handl, vol, xliii. 1908, p, 76. 

SvEDELius, Ber. deutsch, bot. Ges. vol. xxxv. 1917, p. 225. Lewis, 

Annals of Bot. vol, xxiii 1909, p. 639, and Bot. Gazette, vol. liii. 1912, p. 236 ; 
Kuokuck, Ztschr. f. Bot. vol. hi 1911, p. 180 ; Syedelius, Svensk. Bot. 
Tidskrift, vol v. 1911, p. 260, and vol, yi. 1912, p. 239 ; Rigg and Dalgity, Bot. 
Gaz. vol. liv. 1912, p. 164 ; Svedelius, Ber. deutsch. hot Ges. 1914, p. 106 ; 
Svensk. bot. Tidsk. vol. viix. 1914, p. 1 ; Nova acta reg. soc. sc. Upsaliensis, ser. 4, 
vol. iv. 1915 ; Kylin, Bei\ deutsch. bot. Ges. 1916, p. 257 ; Ztschr. f. Bot. 1916, 
pp. 97 and 545. Kuckuck, Sitzb. Akad. Berlin, 1894, p, 983 ; Sturch, 
Annals of Bot. vol. xiii. 1899, p, 83 ; Edhelbuttel, Bot. Ztg. 1910, p. 186. 

Fungi. — De BARYj'Ygl. Morphologie iind Biolog. der Pilze, 1884 (English 
Translation). Brefelh, Bot. Unters. iiber Schimmelpilze, Unters. aus dem 
Gesamtgebiet d. Mykologie, vols. i.-xv. 1872-1912 ; von Tavel, Vgl. Morphol. 
d. Pilze, 1892 ; E. Fischer, Handworterb, d. Naturw. vol. vii. p. 880 ; A. 
GuiLLiERMOiTD, Progr. rei bot, voL iv. 1913, p. 389. Bally, Jahrb. f. wiss. 
Bot. vol. 1. 1911, p. 95, and Mykolog, Ctrbl. II. 1913, p. 289 ; Gektr, Tobler, 
Die Synchytrien, Jena, 19li;/KusANo, Journ. College of Agric. Tokyo, 1912, 
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p. 141 ; O'. SoHKETDER, (Kai’toffelkrebs) Deutsche land^v. Presse, 1908, No. 70, and 
1909, No. 88. (^‘^) WosoNiN, Mem. de TAcad. imp. des Sciences de Saiiit-P^tersboiirg, 
1904, 8*^ s6r. vol. xyL No. 4, p. 1. (®^) Teow, Annals of Bot. Yol. ix. 1895, p. 600 ; 

Yol. xiii. 1899, - p , 130; yoL XYiii. 1904, p. 541 ; Klebs, Jalirb, f. wiss. Bot. to). 
xxxiii. 1899, p. 513 ; Davis, Bot. Gaz. vol. xxxy. 1903, p. 233 ; Claussen, Berichte 
deutsch. bot. Ges. voL xxvl. 1908, p. 144 ; Mucke, Bericlite deutsck bot. Ges. 
vol. sxvi.a 1908, p. 367. Wageb, Annals of Bot, vol. iv, 1889-91, p.* 127 : 
vol. X. 1896, pp. 89 and 295 ; yol. xiv. 1900, p. 263 ; Beklese, Jahrb. f. wiss. Bot. 
vol. xxxi. 1898, p. 159 ; Davis, Bot. Gaz. vol. xxix. 1900, p. 297 ; Stevens, Bot. 
Gaz. 1899, vol. xxviii. p. 149 ; 1901, vol. xxxii. p, 77 ; 1902, vol. xxxiv. p. 420, and 
Ber. deutscb. bot. Ges. 1901, p. 171 ; Tbow, Annals of Bot. vol. xv. 1901, p. 269 ; 
Miyake, Annals of Bot. 1901, p. 653 ; Rosenberg, Bihang till Svensk. Ak. vol. 
xxviii. 1903 ; Ruhland, Jalirb. f. wiss, Bot. vol., xxxix, 1904, p. 135 ; Rostowzew, 
Flora, 1903, p. 405; KRtiGER, Ctrbl. f. Bakteriol. II. vol. xxvii. 1910, p. 186. 
(•'■'D Harper, Annals of Bot. vol. xiii. 1899, p. 467 ; Gruber, Ber. deiitscii. bot. 
Ges. 1912, p. 126; McOormick, Bot. Gaz. vol. liii. 1912, p. 67i; Miss Keenjs, 
Annals of Bot. vol. xxViii. 1914, p. 455. Blakeslee, Bot. Gaz. vol. xiii 
1906, p. 161; vol. xliii 1907, p. 415, and vol. xl vii. 1909, p. 418; Ha gem, 
Vidensk. Selskab. Skrifter- Christiania, 1907, No. 7 ; Burgeff, Ber. deutsch. hot. 
Ges. vol. XXX. 1912, p. 679, and Flora, vol. cvii. 1914, p. 259 ; vol. cviii 1915, p. 440. 
('^®) Blakeslee and GoPwTNER, Biochem. Bull. II. 1913, p, 542. p) Olive, Bot. 
Gaz. vol. li 1906, pp. 192 and 229, Raciborski, Flora, 1906, p. 106; Faie- 
OHiLD, Jahrb. f. wiss. Bot. vol. xxx. 1897, p. 285. Harper, Jahrb. f. wiss. 
Bot. vol. xxx. 1897, p. 249, also Annals of Bot. vol. xiii 1899, p. 467 ; vol. xiv. 
1900, p. 321 ; Guilliermond, Revue gener. de bot. vol. xvi. 1904, pp. 49 and 
130 ; vol. xxxiii. 1911, p. 89 ; Claussen, Bot. Ztg. 1905, p. 1 ; Maire, G. r. soc. 
bioL vol. Iviii 1905, p. 726 ; Fraser and Welsford, Annals of Bot. vol. xxii. 
1908, p. 465 ; Overton (Theootheus), Bot. Gaz. vol. xiii 1906, p. 450 ; W, 
Brown, Bot. Gaz. vol. Hi 1911, p. 275, Blackman and Welsford, 

(Gnomonia) Annals of Bot. vol. xxvi. 1912, p. 761 ; Nienburg, (Polystigma) 
Ztsohr. f. Bot. vol- vi. 1914, p. 369 ; Killian, (Venturia) Ztschr. f. Bot. vol, ix. 
1917, p. 353 ; Ramlow, (Ascoboleen) Mykol. Ctrbl. vol. v. 1914, p. 177 ; Dodge, 
Bull. Torrey Bot. Club, vol. xli. 1914, p. 157 ; Killian, (Cryptomyces) Ztsch. f. 
Bot. vol. X. 1918, 5. 49. SOHIKORRA, Ztsch. f. Bot. vol, i. 1909, p. 379. 
(«^) Fraser, Annals of Bot. vol. xxi. 1907, p. 349. Harper, Ber. deutsch. 
bot. Ges. 1895, p. 475, and Jahrb. f. wiss. Bot. vol. xxix. 1895, p. 655 ; Neger, 
Flora, 1901, p. 333, and 1902, p. 221 ; Salmon, Annals of Bot. vol. xx. 1906, p. 
187; Harper, Carnegie Institution of Washington, pnbl. No. 37, 1902 (Phyllactinia). 

Fraser and Chambers, Annales mycolog. vol. v. 1907, p. 419. Miehe, 
Medic. Klinik, 1906, p. 943. (®®) Weese, Ztsch. f. d. landw. Versnchswesen 

Osterreich, 1911 ; VoGES, Ctrbl. Bakter. vol. xxxix. 1914, p. 641. (®®) Harper, 

Annals of Bot. vol. xiv. 1900, p. 321 (Pyronema) ; Claussen, Bot. Ztg. 1905, p. 1 
(Boudiera), and Beriohte der deutsch. bot. Ges. 1906, p. 11 ; Claussen, (Pyronema) 
Ber. d. bot. Ges. 1907, p. 586, and Ztsch. f. Bot. vol. iv. 1912, p. 1. (7®) Kromb- 

HOLZ, Abb. u. Beschreib. der Schwamme, 1831-46 ; Lenz, Niitzl. sehadl. u. verdacht, 
Schwamme, 1890 ; Gramberg, Pilze der Heimat ; Michael, Fiihrer fiir Pilzfreunde ; 
Roll, Unsere essb. Pilze ; Sydow, Taschenbuch der wichtigeren essbaren u. giftigen 
Pilze ; Dittrich, Ber, deutsch. bot. Gps. vol xxxiv. 1916, pp. 424 and 719 ; A. 
Rioken, Vademecum fiir Pilzfreunde, 1918, and Die Blatterpilze (Agaricaceae) 
Deutschlands, 1915. Fischer, Bot. Ztg. 1908, p. 141: Buchholtz, Ann. 
mycoi vol. vi 1908, p. 539; Fischer, Ztschr, f. Bot. vol. ii 1910, p. 718. 
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(”“) Giesenhagen, Flora, Erzgl). 1895, p. 267, and Bot. Ztg. 1901, p. 115 ; Ikeno, 
Flora, 1901, p. 229, and 1903, p. 1. Gxjilliehmont), Rev. geiier. de bot 1903, 
p. 49 ; E. C. Hansen, Ztrbl. f. Bakt. 2. Abt. vol. xii. 1904 ; Geilliermond, 
Rev. gencr. de bot. 1905, p. 337 ; Marci-iand, Rev. gen. bot. 1913, p. 207. 

Thaxter, Mem. of Americ. Acad. Boston, 1896, and vol. xiii. 1908 ; Faull, 
Annals of Bot. vol. xxvi. 1912, p. 325. Ruiiland, Bot. Ztg, 1901, p. 187 ; 
Fries, Ztschr. f, Bot vol. iii. 1911, p. 145, and vol. iv. 1912, p. 792 ; Kntep, 
Ztscbr. f. Bot vol. iii. 1911, p. 531. p®) Hecke, Ber. d. bot. Ges. 1905, p. 248 ; 
Lang, Ztrbl. f. Bakt. 11. vol. xxv. 1910, p. 86 ; Rawitsoher, Ztscbr. f. Bot. vol. 
iv. 1912, p. 673, and Ber. dentscb. bot Ges. vol. xxxii. 1914, p. 310 ; Wrrth, 
Arbeit kais. bid. Anst vol. viii. 1911, p. 427 ; Paravicini, Ann. mycol. vol. 
XV. 1917, p. 57. Many pa])ers by P. Magnus, Klebahn, Sydow, Eriksson, 
Tisohler, E. Fischer, Lagerheim, etc. ; P. et PI. Sydow, Monographia 
IJredinariirn ; Maire, Progr. rei bot vol. iv. 1911, p, 109. Blackman, 
Annals of Bot. vol. xviii. 1904, p, 323 ; Blackman and Fraser, ibid. vol. xx. 
1906, p. 35 ; Christman, Bot. Gaz. vol. xxxix. 1905, p. 267 ; CHiiisTMAN, Trans- 
act. Wisconsin Acad. vol. xv. 1907, p. 517, and Bot. Gazette, vol. xliv. 1907, 
p. 81 ; Olive, Annals of Bot. vol, xxii. 1908, p. 331 ; Dittschlag, Ztrbl. f. 
Bakt. II. vol. xxviii. 1910 ; Kurssanow, Ztscbr. f. Bot II. 1910, p. 81 ; Werth 
and Ludwigs, Ber. deutseb. bot Ges. vol. xxx. 1912, p, 523 ; Fromme, Bot. Gaz, 
vol. Iviii. 1914, p. 1 j Kurssanow,’ Ber. deutseb. bot Ges. vol. xxxii. 1914, p. 
317. Klebahn, Die wirtswechselnden Rostpilze, 1904. Eriksson and 
Tischler, Svenska Vet. Akad. Handl. 1904, vols. xxxvii. xxxviii ; Klebahn, Ber. 
deutseb. bot Ges. 1904, p. 255 ; E. Fischer, Bot Ztg. 1904, p. 327 ; Marshall 
Ward, Annals of Bot. vol. xix. 1905, p. 1. (®^) Hoffmann, Ztrbl. f. Bakt. 2. 

Abt. vol. xxxii. 1911 ; Werth, ibid. vol. xxxvi. 1912. Kunkel, Americ. 
Journ. of Bot vol. i. 1914, p. 37. (®-) Knoll, Jahrb. wiss. Bot. vol. 1. 1912, p. 
453, and Ber. deutseb. bot Ges. vol. xxx. 1912, p. 36. (®'^) H. Kniep, Ztschr. f. 

Bot. vol. V. 1913, p. 593 ; vol. vii. 1915, p. 365 ; vol. viii. 1916, p. 353; Flora, 
N.F. vols. xi.-xii. 1918, p. 380. (®*) R. Hartig, Der ecbte Hausscbwamni, 1885, 

ed. 2 by voN Tubeuf, 1902 ; Moller and Falok, Hausscbwammforscbungen, 
vols, i.-vi. 1907“1912 ; Mez, Der Haussebwamm, Dresden, 1908 ; FaIjCK, Mykolog. 
tint. u. Ber. I. 1913. {^) Moller, Pilzgarten siidamerik. Arneisen, 1893 ; 

Holtermann, Sebwendener-Festsebrift, 1899 ; Forel, Bioiog. Zentralbl. 1905, 
p. 170 ; Huber, Biol. Zentralbl. 1905, p. 606. E. Fischer, Denkschr. Schweiz, 
nat Ges. vols. xxxii. and xxxvi. ; Moller, Brasil. Pilzblumen, 1895 ; Atkinson, 
Bot Gaz. vol. li. 1911, p. 1. 

Licbcins. —(87) Winkler, Pfropfbastarde, 1. Toil, 1912, p. 102; Treboux, 
Ber. deutseb. bot Ges. vol. xxx. 1912, p. 77 ; Nienburg, Ztsch. f. Bot 1917, p. 
530. (88) ZopF, Die Flecbtenstoffe, 1907 ; Stahl, Hackel-Festscbrift, 1904, p. 
357. (®) Baur, Flora, 1901, p. 319, also Bot Ztg. 1904, p. 21 ; Wolff, Flora, 
Ergzb. 1905, p. 31 ; Nienburg, Flora, vol. xcviii. 1908, p. 1 ; F. Bachmann, 
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Goebel, Flora, vol. xc. 1902, p. 279; Davis, Annals of Hot. vol xvii, 
1903, p. 477 ; Holfebty, Bot. Gaz. vol. xxxvii. 1904, j). 106 ; Svunsk. 

Bot. Tidskr. vol. x. 1916, p. 289 ; Flokin, Svensk. Bot. Tidskr. vol. xii. 191S, p. 
464. (^'^) Allen, Arcliiv f. Zellforscliung, vol. vin. 1912, p. 179 ; 'Woobbl'en, 

Annals of Bot vol. xxvii. 1913, p. 93 ; Walkeb, ibid. p. 116. ZrELiNSKi, 
Flora, vol. c. 1910, p. 1. (®‘’) Pfeffer, Enters, bot Inst. Tubingen, 1. JI. ; 

Lidfors, Jahrb. f. wiss. Bot vol. xli. 1904, p. 65 ; Akerman, Ztsclir. f. Bot. 

vol. ii. 1910, p. 94. Kreh, Nova Acta Acad. Leop. vol. xc. 1909, li. 214 ; 

CoERENS, Unt. liber Verrnelirung der Laubmoose durch Briitorgane iiiid Steckliiige, 
Jena, 1899 ; Buoh, Brutorgane der Lebermoose, Dissert. Helsingfors, 1911. 

ScirKNGEi, Bot. Jabirblicher f. Syst vol. xlii. 1908, p, 1. Andreas, Flora, 
1899, p. 161 ; Doijin, Rev. gener. de bot, vol. xxiv. 1912, p. 392 ; Clapp, (Aiicnru) 
Bot Gaz. vol. liv. 1912, p. 177 ; K. Meveii, (Corsinia) Bull, soc. imp. des init 

Moskau, 1911, p. 263, and Ber. deutscb. bot. Ges. vol. xxxii. 1914, p. 262; 

SOHIFFNEE, Progressus rei bot vol. v. 1917, 0™) N1^:meo, Beibefte Bot. Ztrbk 

vol. xvi. 1904, p. 253 ; Golenkin, Flora, vol. xc. 1902, p. 209 ; Sciiiffner, 
Annaies jard* Buitenzorg Supp, III.^ 1910, p. 473 ; Gaejeakne, Flora, vol. cii. 
1911, p. 147. Lang, Annals of Bot. vol, xxi. 1907, p. 201 ; Gampbeiu,, 
Annals of Bot. vol. xxi. 1907, p. 467, and vol. xxii. 1908, p. 91. Peiece, 

Bot Gaz. vol. xlii. 1906, p. 55. Goebel, Flora, vol. ci. 1910, p. 43 ; 
Gehemann, Ber. deiitsch. bot. Ges. vol. xxvii. 1909, p. 341. 0*^^) Garber, Bot. 
Gaz. vol. XXX vii. 1904, p. 161 ; Lewis, Bot. Gaz. vol. xli. 1906, p. 110 ; Pietsch, 
Flora, vol. ciii. 1911, p. 347 ; Black, Ann. of Bot. vol. xxvii. 1913, p. 511. 
(104) Habeelandt, Jahrb. f. wiss. Bot vol. xvii. 1886, p. 359 ; Tansley and 
Chick, Annals of Bot vol. xv. 1901, p. 1 ; Oorrens, Vermehrung der Laubmoose, 
1899 ; Vaupel, Flora, 1903, p. 346 ; Strunk, Diss. Bonn, 1914 ; Grebe, Studien 
ziir Biol. u. Geogr. d. Laubmoose, Hedwigia, vol. lix. 1917. K- Giesenhagen, 
Annals jard. Buitenzorg, Suppl. 3®, 1910, p. 711. p®®) Zederbaijee, Ostr. bot. 

Ztschr. 1902 ; Meel, Flora, vol. cix. 1917, p. 189. Steinbrinck, Ber. 
deutsoh. bot Ges. vol. xxvi.a 1908, p. 410 ; vol. xxvii. 1909, p. 169, and vol. 
xxviii. 1910, pp. 19 and 549. PIabeelandt, Jahrb. f. wiss. Bot. vol. xvii. 
1880, p. 357 ; Poesch, Der Spaltotfnungsapparat ini Lichte der Phylogenie, 1905, 
p. 33. Bryan, Bot. Gaz. vol. lix. 1915, p. 40 ; Melin, Svensk. bot. Tidskr. 
vol. X. 1916, p. 289.”* Dihm, Flora, Ergzbd. 1894, p. 286 ; Goebel, Flora, 
1895, p. 459; Steinbrinck, Flora, Ergzbd. .1897, p. 131, and Biolog. Ztrbl. 1906, 
p. .727 ; Kuntzen, Diss. Berlin, 1912. Zielinski, Flora, vol. c. 1909, p. 6. 

Pteridophyta. — Bower, The Origin of a Land Flora, London, 1908. 
(1^^) Pfeffee, Unters'. bot. Inst. Tubingen, vol. i. p. 363 (Fame, Selaginella) ; 
Shibata, Bot. Mag. Tokyo, vol. xix. 1905, p. 39 (Salvinia) ; ibid. pp. 79 and 126 
(Equisetum) ; Ber. d. bot. Ges. 1904, p. 478, and Jahrb. f. wiss. Bot vol. li, 1905, 
p. 561 (Isoetes) ; Lidfoes, Ber. d. bot. Ges. 1905, p. 314 (Equisetum) ; Bruch- 
MANN, Flora, vol. xcix. 1909, p. 193 (Lycopodium) ; Bullee, Annals of Bot. vol. 
xiv. 1900, p. 543 (Fame) ; Shibata, Jahrb. wiss. Bot vol. xlix. 1911, p. 1 
(Equisetum, Fame, Salvinia, Isoetes). (^^'^) Hannig, Flora, vol. cxi. 1911, p. 209 
and vol. ciii. 1911, p. 321. (^i®) Hooker, Synopsis FUicum, 1883; Bakeix, Fern 

Allies, 1887 ; Christ, Faimkrauter der Erde, 1897, and Die Geographic der Fame, 
Jena, 1910 ; Christensen, Index Filicum, 1906. Oamtbell, Annal. Buiten- 
zorg, vol. xxii 1908, p.-99, and Suppl. 3^ 1910, p. 69. Univers. 

of Toronto, Biolog. Series, No. 1, 1898 (BotrycMum) ; Buelingham, Bot Gaz. 
vol. xliv. 1907, p. 34 (Ophiogl.) ; Chrysler, Annals of Bot. vol. xxiv. 1910, ]>. 1 ; 
Lyon, Bot. Gaz. vol. xL 1905, p. 455 (BotrycMum). Steinbrinck, Biolog. 
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Ztrbl. 1906, p. 674, and Monatshefte flir d. natiirw. Uiit. vol. xi. 1918, p. 131. 
(^19) Goebel, Flora, voL cv. p. 49. P®) Schlitmbekgee, Flora, voL on 1911, p. 
383. (^2^) Aenolbi, Flora, vol. c. 1909, p. 121 ; Kundt, Beiliefte Bot. Ztrbl. vol. 

37^ 1911, p. 26 ; Zawidzki, Beiliefte Bot. Ztrbl, vol. xxviii. 1912, p. 17 ; Yasui, 
Annals of Bot. vol. xxv. 1911, p. 469. Pfeiffeb, Bot. Gaz. vol. liv. 1907, 

p. 445; Oes, Ztschr. f. Bot. vol. v. 1913, p. 145. F. Schneidbb, Beitr. 

z. Entw. der Marsiliaceen, Diss. Berlin, 1912; Sharp, Bot. Gaz, vol. Iviii. 
1914, p. 419; F. Schneider, Flora, vol. cv. 1913, p. 347. Stiiasbhbgeh, 
Flora, vol. xcvii. 1907, p. 123. (^^4) Steinbrinck, Biolog. Ztrbl. 1906, p. 724 ; 
Hannig, Flora, vol. cii. 1911, p, 209 ; Ludwigs, Flora, vol. ciii. 1911, p. 385 ; 
Sharp, Bot, Gaz. vol. liv. 1912, p. 89 ; Vidal, Aim. sc. nat. 9® ser. vol. xv. 1912, 
p. l. P^) Biiitchmann, Flora, vol. ci. 1910, p. 220. PIaberland, Beitr. 

z. allg. Bot. vol. i. p. 293. Bruohmann, Flora, vol. civ. 1912, p. 180; vol. 
cv. 1913, p. 237, and Zeitsehr. f. Bot. vol. xi. 1919, p. 39; Lyon, Bot. Gaz. vol. 
xl. 1905, p. 285 ; Campbell, Annals* of Bot. vol, xvi. 1902, p. 419 ; Denke, 
Beiheft z. bot. Ztrbl. vol. xii. 1902, p. 182 ; STEINBRINCK, Ber. deiitscb. bot. 
Ges. 1902, p, 117, and Biolog. Ztrbl, 1906, p. 737 ; Mitchell, Annals of Bot. vol. 
xxiv. 1910, p. 19 ; Sykes and Styles, iUd. p. 523 ; Wand, Flora, vol. cvi. 1914, 
p. 237, P") Steinbrinck, Ber. deutscb. bot. Ges. vol. xxviii 1910, p. 551, and 
vol. xxix, 1911, p. 334. , (128) Bruchmann, piora, 1905, p. 150; Goebel, Flora, 
1905, p. 195. (^29) g;gjYD, Znr Biolog. von Selag. Dissert. Jena, 1910 ; Neger, 

Flora, vol. ciii 1911, p. 74. Haberlandt, Ber. d. bot. Ges. 1905, p. 441. 
Stockey, Bot. Gaz. voi xlvii 1909, p. 311. 

Fossil Cryptogams. — Of. tbe palaeopbytological textbooks of W. Ph. 
ScHiMPER, A. Schenk, B, Renault, G. Saporta et Marion, Solms-Laubach, 
H. PoTONii^, D. H. Scott, R. Zeiller, A. C. Seward, W. Jongmans. R. 
Zeiller, Progressus rei bot. vol. ii 1907, p. 171, (^^'0 Gordon, Annals of Bot. 

voL xxiv. 1910, p. 821. OLIVER, Biol Ztrbl. 1905, vol. xxv. p, 401, and Annals 
of Bot. vol. xxiii. 1909, p. ,73; Scott, Wiss. Erg. Wiener bot. Kongr. 1905, p. 
279 ; further, Progressus rei bot. vol. i. 1907, p. 139, and Smithsonian Report, 1907, 
p, 371 ; Chodat, Archives sc, phys. et nat. 4® per. vol. xxvi. Geneve, 1908 ; 
Oliver and Salisbury, Annals of Bot, vol. xxv. 1911, p. 1. 


SPERMATOPHYTA BY G, KARSTEN 
Transition from PteridopLyta to Spermatophyta 

(^) W. Hofmeistee, Yergleich. Unters. der Keim, Entfalt u. Fruchtbildung 
hbherer Kryptogamen und der Samenbild. der Koniferen, Leipzig, 1851 ; 
Hofmeister, Higher Cryptogamia, London, 1862 ; E. Strasburger, Koniferen u. 
Gnetaceen, Jena, 1872 ; id, Angiospermen und Gymnospermen, Jena, 1879, and the 
comprehensive works : R. von Wettstein, Handbuch der systematischen Botanik, 
2. Aufl. Leipzig and Wien, .1911 ; K. Goebel, Organographie der Pilanzen, 1. ii. 2. 
Jena, 1898-1901 (English translation of 1st edition) ; and 2nd ed. 1. u. 2. 1913, 
1918 ; J. M. Coulter and Oh.‘ J. Chamberlain, Morphology of Gjmnosperms, 
Chicago, 1910, and Morphology of Angiosperms, Chicago, 1909. The above 
contain lists of literature, and only fundamental and historically important works 
or those giving moi^e recent data are referred to here, (2) Overton, Reduktion 
der Ohromosomen, Vierteljahrsschr. d. naturf. Ges. Zurich, 1893 ; E. Strasburger, 
Reduktionsteilung, Sitzber. K. A. d. W. Berlin, voi xviii. 1904 ; icZ. Chromo- 
somenzahlen und ReduktibnsteilTiug, Pringsh, Jahrb. vol. xlv. 1908, ^ 
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Morpliology and Ecology of the Flower.— (3) Payee, Orga.nogeiiie <;le la ileiir, 
1857 ; Baillon, Histoire dos plantes, vols. i.-xiii. 1 867-94: ; Eichler, Bliiteudia- 
gramme, 2 vols. Leipzig, 1876 and 1878 ; A. Encjler and Prantl, Natiirl. Pflanzeii- 
familien, vols. ii.-iv. from, 1889; id. Das Pflanzenreicli from 1900 ; Beko and 
Schmidt, Atlas der offizinelleii Pflanzen, 1863, and the second edition by A. 
and SOHUMANX, 1891-1902 ; further, the literature given under (^). '(■^} Ciiu. K. 

SpiiENGEL, Das entdeckte Geheimnis der Natiir, 1793 (Ostwalds Klassiker, Nus. 
48-51} ; CiT. Darwin, Ges. Werke, Ubersetzung von Oaeus, 1877, vols. ix. ami x. ; 
Kxuth, Handbuch der Bltitenbiologie, 1898 ; 0. Kirohner, Blumen imd Insekten, 
Leipzig, 1911; G. Tischle,r, Das Heterostylie-Problem, Biol. Zentralbl 38. 11. 
1918; id. Festschrift Hohexheim, 254, 1918. ('^) 0. Hess, Exper. Untcrs, 

iiber den angeblicheii Farbensinn der Bienen, Zoolog. Jahrb. vol. xxxiv. 1913 ; 
id. Miinch. mediz. Wochenschrift, 1914, No. 27; id. AvqK t d. gevS. Physiologie, 
vol. clxiii. 1916 ; id. ibid. vol. clxx. 1918 ; K. vox Frisch, Der Farbensinn 
iind Forniensinn der Biene, Zoolog. Jahrb. 35, 1914; Uber den Genicbssinn 
der Biene, Zoolog.-bot. Ges. Wien, 68, 1918. The most recent works of the sa-nie 
author (Biolog. Zentralbl. 39, 3) could unfortunately not be consulted. K. 
Goebel, Kleistogame Bliiten, Biolog. Zentralbl. vol. xxiv. 1904 ; H. Ritzerow, 
Flora, 1907. 

Development of the Sexual Generation. — C^) Of. literature under (^), also 
Saicugoro HirasR, Ginkgo biloba, Journ. of the College of Science, Univ. imp. 
Tokio, vol. viii. 1895, and vol. xii. 1898; S. Ikeno, Oycas revoluta, Jahrb. f. w. 
Bot. vol. xxvii. 1898 ; H. J. Webber, Spermatogenesis and Fecundation of Zamia, 
U.S. Dep. of Agricult. Washington, 1901; Ch. J. Chamberlaix, Fertilization 
and Embryogeny in Dioon edule, Bot. Gaz. vol. 1. 1910 ; H. H. W. Pearsox, 
Some Observations on Welwitschia mirabilis, Philos. Transact. Royal Soc. 198, 
1906 ; ibid. Further Observ. on AVehvitschia, l.c. 200, 1909 ; ibid. On the Micro- 
sporangium and Microspores of Gnetum, etc., Ann. of BoL 1912, vol. xxvi. ; Lancelot 
Bxtrlingham, Araucaria brasiliensis, Bot. Gaz. vol. Iv. 1913; Ivii. 1914; lix. 1915. 
(3) Literature under (i), also S. Nawaschin, Lilium Martagon., Bull. acad. imp. 
Saint- Petersbourg, 1898; E. Strasburger, Doppelte Befruchtung, Bot. Ztg. 2. 
Abt. 1900 ; M. Treub, Casuarina, Ann, Buitenzorg, vol. x. 1891 ; S. Nawaschin, 
Birke, Mem. acad. imp. Saint-P4tei’sbourg, 7® ser. vol. xlii. No. 12, 1894 ; id. Ulnie, 
Bull, de I’acad. imp. d. sc. de Saint-Petersbourg, 5® ser. vol. viii. No. 5, 1898 ; id. 
CorylUvS, ibid. vol. x. No. 4, 1899 ; id. Entw. d. Chalazogamen, M4m. acad. 
etc. 8® ser. vol. xxxi. No. 9, 1913 ; M. Benson, Anientiferae, Transact. Linn. Soc. 
2® ser. Bot. vol. iii. pt. 10, 1894 ; N. Zinger, Cannabineen, Flora, vol. Ixxxv. 1898 ; 
Modilewski, Urticifloren, Flora, vol. xcviii. 1908 ; J. Soiiweiger, Euphorbiaceen, 
Flora, vol. xciv. 1906; J. Wolpert, Alnus u. Betula, Flora, vol. c. 1910; 0. 
Dahlgren, Plumbagella, Arkiv f. Bot, vol. xiv. 8, 1915, and Kg. Svensk. Yetensk. 
Handl. vol. Ivi. 4, 1916 ; Lula Pace, Fertilization in Cypripedium, Bot. Gaz. 
vol. xliv. 1907. (^) J. Hanstein, Entwicklung des Keimes, Bot. Abhandl. vol, i. 
1, 1870 ; E. Strasburger, Chromosomenzahlen, Vererbungstrager usw., Pringsh. 
Jahrb. vol, xlv, 1908 ; id. Apogamie, Parthenogenesis , und Reduktionsteilung, 
Histolog. Beitr. vol. vii. 1909 ; Hans Winkler, Parthenogenese ii. Apogamie, 
Progr. rei bot. vol. ii. 1908 ; M. Treub, Notes stir Pembryo, etc, (Avicennia), 
Ann. Buitenzorg, vol. iii. 1883 ; M. Merz, Utricularien, Flora, vol. Ixxxiv. 1897 ; 
Baligka - IWANOWSKA, Gamopetales, Flora, vol. Ixxxvi. 1899 ; F. Billings, 
Beitrage zur Saraenentwicklung, Flora, vol. Ixxxviii, 1901; F. X. Lang, Poly- 
pomphoiyx u. Biblis, Flora, vol. Ixxxviii. 1901; C. H. Ostenfeld and 0. Rosenberg, 
Hieraexa, HI. ; 0. Rosenberg, Apogamy in Hieracium, Bot, Tidsskr. vol. xxviii. 

• 3d 
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1007 • O PovscH Phyloffen. Irkl. d. Einbryosaokes u. d. dopp. Befr., Jeua, 1907 ; 

P A ?■ ? We;t Podostenia.een. 1. and II. VeA. K. Akad. v. Weteu..ch. 
Amsterdam 1910-12 ; id. Development of Podostcmaceae, -Extr. dii rocueil des 

der Podostemaoeeii, Flora, vol. ov. 191o. ( 1 A- nt 

. A • To«a p FisoTipr 1918 (''■) ■!. Gaeetneii, De fiuotibus et 

der Apogamie. Jena, G. \fg9_91 ,12) A. P. ms Candolle, 

sominibus plautaruni, voLi. 1 . and 11 . Stuttg. . T'flniiren 187S • 

Pflanzenohysiolotfie : F. Hildebrandt, Yerbreitniigsmiltel dci I Hanzen, 18/8, 

I f Sohimp^u, Pflanzengepgraphie, Jena, 1898; Kutgeu Seunandeu, 

Myrmekoolioren, ICg. vSvGnsk. Yetensk. Handl. vol. xli. 1906 ; F. Morton, Ameisen 
,tsw., Mitt. Nat. Yer. Univ. Wien, 1912. («) G. Klebs, Keinmng Unter^e. bok Inst. 
Tiibingen, vol. i. .536 ; J. Lubbock, Seedlings, vols. i. and 11 . 1892 ; L. Tell ., 

^ 1^1 T? iQfi9 9*^7 D. H. Scott, Palaeozoic Botany, in 

Progrersutreibot vori. Jena, 1907 ; tbis contains the 

Aamm, Origin of Angiosperms. Jonrn. Linn^Soo. vol. Kxxvm 263 1907 , G. R. 

WiELAND, American Fossil Oycads. 1906, Carnegie 

Oliveb, Physostoma elegans, Ann. of Bot. vol. xxim 1909 , P. Y . ^ 

E. .1. Salisbury, Palaeozoic Seeds of the Conostoma Gi’oaP- 'iri.HVmn 

1911- D H. Scott, The Evolution of Plants, 1911 , London ; Pebnan 
Pblourde, Les Progrte realises dans I'ttnde des Cycadophytes de lepoqne 

seoondaire, Progressus rei botauicae, vol. v. 2, 1916. TiAirTET! 

Angiospermae Diootylae.-(“) Literature under (i) and (■), also H. Halliee, 
Verwandtsohaftsverhaltnisse bei Englees Eosalen, Panetalen, Myrtiflora usw 
Abb. d. Naturw. Yereins Hamburg, 1903 ; this contains earlier views of the same 
author ; E. Saegakt, Origin of Monocotyledons, Ann. of Bot. vol. xvm 1903, and 
: Bot. Qaz. vol. xxxvii. 1904 ; K. Feitsoh, Stellung der Monokotyledonen, Bcibl. 
79 in Englees Bot. Jahrb. vol. xxxiv. 1905 ; E. Steasbuegee, Brimys, Floia, 
Ergzbd. 1905 ; Nawasohin, Chalazogamy, cf. (8) ; J. Nitzschkb, Beitr. z._Phylo- 
genie d. Monokotyledonen, 1914 ; Cohns, Beitr. vol. xii. ; 0. Liehe, 1st die ange- 
nommeno Yerwandtsohaft der Helobiae nnd der Polyoarpioae anoh m ilirer /ytologie 
zu erkennen? Cohns, Beitr. xiii. 1916. (») L. Diels, Kaferblumen bei den 

Ranales nnd ihre Bedeutung fur die Phylogenie der Angiospermeu, Ler. deutsoh 
bot. Qes, 34 , 1916 ; G. Kaustek, Zur Phylogenio der Angiospernien, Zeitbchr. . 
Botanik x 1918 369. P®).BtJsGBN, Fagales in Kirohner, Loew, Schroeter, 
Lebensgesoh. d. Blutenpll. vol. u. l, 1913. («) H. Graf zu Solms-Laubaoh, . 

Herkunft usw. des gew. Feigenbaums, Abb. d. K. Ges. a^Warbueg' 

Fritz Muller, Caprificus u. Feigenbaum, Kosmos, vol. vi. 1882 ; 0. Warburg, 
Kautsehukpflanzou. Berlin, 1900 ; E. Ulb, Kautschukpfianzen dor Amazonasexped., 
Englees Jahrb. vol. xxxv. 1906 ; K. Goebel. Sehleuderfriichte bei Brtaciaoren. 
Flora vol oviii 1915. (®) J. ScHWElOBE, Euphorbiaceen. Flora, 94, 19Uo ; 

I MlE^lsr aattg. Peyanthus, Dies. HaUe. 1912. (-) H. Graf zu Solms- 
, Laubaoh, Cruciferenstudien, vols. i.-iv. Bot. ^tg- ^ 

CANDOLLE. Urspruug der^Kulturpflanzen. 1884; Y. Hehn, Kulturpflauzen u. 
•Haustiere, 7. Aufl. 1902 ; on. B&amw of. E- Steasbuegee, Pfiopfhybriden , 
PEING.SHBIMS, Jahrb. voL’Rv. 588, 1907. (^1 Maelott, Kapland Valvidia- 

Bxped. vol. ii.® 1908 ; ' id. Mimicry among Plants, Transact. S. All. Philos. 
Soc. vols. XV. and xvi. 19Q4r-1906. (“) K. Goebel, Bot. Ztg. 1882, 353; 

A. DE Candolle, Origin of. Dnltivated Plants; H. Graf zu Sodms-Laubach, 
Erdbeeren, Bot. Ztg. vol,,:* 45. 1907 ; F. Noll, Pfropfbastarde von Byonveaux, 
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Sitzber. iiieclorrli. Ges. Bonn, 1906. Th. Belt, Naturalist in Nicaragua, 
1888, 218. (®') L. Diels, Siidwest-Aiistralien, Veg. d. Erde, vol. vii. looo! 

(27) F. Tobleu, Die Gattiing Hedera, 1912. (28) P. Gkaebner, Heide, Yeget. d. 

Erde, vol. v. 1901 : A. ARTOroRUS, Ericaceen, Flora, 1903. A. Nestlek, Cor- 
tiisa Madtliioli, Ber. deutsch. hot. Ges. 1912, 330. (^O) R. von Wettstein, Bcr. d. 

deutscli. bot. Ges. vol. ziii. 303 ; id> Deszendenztheor. Unters. 1. Denksclir. k. k. Akad. 
d. W. AVien, 1900. E. Gilg, Stropbantbns, Tropenpfl. 1902 ; id. H. Thoms, 
H. SoH RD RL, Ber. deutsch. pliarniaz. Ges. 1904. {^) Of. under and also P. Preuss' 
Exp. nach Zentral- u. Siidamerika, Berlin, 1901 ; A\’’arbitrg, Kunene-Sanibesi- 
Exped. Berlin, 1903. M. Treub, Ann. de Buitenzorg, vol. iii. 13, 1883. (•^^) 
Hans AVinokler, Unters. tiber Pfropfbastarde, vol. i. 1912 ; id. Ubcr experi- 
mentelle Erzeuguiig von Pilanzen niit abweichenden Cliroinosomeuzableii, Zeitschr. 
f. Botanik, vol. viii. 417, 1916. E. HErNiiiCHEii, Latliraea, Ber. deutsch. bot. Ges. 
1893; id. Griiiie Halbsclimarotzer, i.-iv. Jahrb. t w. Bot. 1897, 1898, 1901, 
1902, 1909, 1910; R. von AVettstein, Monogr. Euphrasia, 1896; Sterneck, 
Alectoroloplius, 1901. K. Goebel, Morph, u. biolog. Studieii 5, Ann. do 
Buitenzorg, vol. ix. ; id. Flora, 1904, 98 ; E. Merl, Utricularien, Flora, vol. 
cviii. 1915. M. Treub, Myrmecodia, Ann. de Buitenzorg, iii. 129, 1883 ; 
H. Miehb, Javanische Studien, Abb. Kg. Sachs. Ak. d. AY. vol xxxii. No. lY. 
Leipzig, 1911 ; F. 0. von Faber, Das erbliche Zusamnienleben von Bakterien u. 
trop. Pflanzen, Jahrb. f. wiss. Bot. Lpzg. 1912, vol. li. 285; id. Die Bakterien- 
symbiose der Rubiaceen, ibid. vol. liv. 243, 1914. (^8) F. Noll, Cucurbitaceen, 

Laudw. Jahrb. 30. Ergzbd. P. 1901 ; id. Partbenokarpie, Sitzber. niederrh. Ges. 
Bonn, 1902; G. Bitter, Bryonia, Abli. Nat. Yer., Bremen, 1904; C. Correns, 
Bestimniung u. Yererbung des Geschlechts, Berlin, 1907 ; J. Kratzer, Yerwandt- 
scliaftliche Beziehungen der Cucurbitaceen, Flora, 110, 275, 1918. (^8) 

Griffelhaare der Oampanulaceen, Flora, Fktschrift Stahl, vol. cxi. 1918. 

K. Miyake, AYachstum des Bliitenscliaftes von Taraxacum, Beih. Bot. Zentralbl. 
vol. xvi. 3, 1904. 

Monocotylae. — Peter Stark, Yariabilitat des Laubblattquirls bei Paris 
quadrifolia, Zeitschr. f. Botanik, vol. i. 1915 ; id. Bliitenvariationen der Ein- 
beere, Zeitschr. f. Abstaiumungs- u. Yererbungslehre xix. 1918. (^ 2 ) Goebel, 

Streptochaeta, Flora, 1895, Ergzbd. ; J. Schuster, Grasbhite, Flora, vol. c. 1910 ; 
F. Kobrnigke, Handb. d. Getreidebaues, vol. i. Bonn, 1885 ; At,ph. de Candolle, 
Kiilturpflanzen, Leipzig, 1884 ; G. Schneider, Yegetationsvers. mit 88 Hafei- 
sorten (bei 2 Sorten lehlt die Ligula), Landwirtsch. Jahrb. vol. xlii. 1913, p, 
767 if. ; Aug. Schulz, Geschichte des AYeizens, Zeitschr. f. Natiirw. 1911 ; id, 
Geschifihte des Spelzweizens, Abb. Natnrf. Ges. Halle, 1917-18. (^’^) E. Hannig, 

Pilzfreies Lolium, Bot. Ztg. 1907. (^) E. Strasburger, Yerdickungsweise v. 
Palmen, Jahrb. f. w. Bot. vol. xxxiv. 1906 ; Gr. Kraus, Ann. de Buitenzorg, vol. 
xxiv, 1911 ; J. 0. Schoutb, Dickenwachst. der Palmen, Ann. de Buitenzorg, voL- 
xxvi. Leiden, 1912. G. Tisciiler, Parthenokarpe Angiosp.-Fiiichte, Jahrb. 
f. w. Bot. vol. Hi. 1912 ; A. d’Angeemond, Partbenokarpie bei Bananen, Ber. deutsch. 
bot. Ges. vol, XXX. 1913 ; AY. Herrmann, Blattbewegung der Marantaceen, Flora, 
vol cix. 1916, Diss. Jena ; J. C. Costerus, Bau der Blumen von Ganna und der- 
jenigen der Marantaceen, Ann. de Buitenzorg, 2® s^r. 15, 1916. {^) H. Burgeit, 

Zur Biologie der Orchideen-Mykorrhiza, Diss. Jena, 1909. (^'^) H. Fitting, Beein- 

flussung der Orchideenbliite durch die Bestaubung usw., Zeitschr. f. Botanik, 
vol. i. 1909 ; id. Entwicklungsphysiol. Unters. an Orchid eenbliiten, Zeitschr. f. 
Botanik, vol. ii. 1910. 





SYSTEMATIC INDEX 

OP THE 

OFFICIAL AND POISONOUS PLANTS 

0 Official in Great Britain. 

-h Poisonous. 

Official and Poisonous. 
iDefore the page indicates figure. 

Urticinae 

0 Ficus carica, *618 
0 Cannabis sativa, 619 

Loranthiflorae 
+ Viscum albunij *620 

Piperinae 

0 Piper^Betle, 623 
0 Piper nigrum, *822, 623 
0 Piper cubeba, *622, 623 

Potygoninae 
0 Rheum, species of, 621 

Hamamelidinae 

0 Liquidambar orientalis, 623 
0 Hainamelis virginiana, 623 

Tricoccae 

+ Mercurialis annua, *623 
+ Euphorbia, species of, *624, 626 
0 Croton Eleuteria, 627 
j 0 Croton tiglium, 627 
0 Quei^UH infectoria, 614 J 0 Ricinus communis, *625, *626, 627 

■ 773 ■ ' ' 


Thallophyta 

5^ Claviceps purpurea, *444 
-i- Boletus Satanas, *464 
+ Amanita inuscaria, *465 
+ Amanita phalloides, *466 
+ Amanita mappa, *466 
+ Amanita verua, *466 
+ Russula enietica, 467 
+ Lactaria tormiiiosa, 467 
+ Sclero<lerma viilgare, *467, 468 

Pteridopbyta 

0 Bryopteris (Aspidium) filix mas, *507, 
511 

+ Equisetuin, *519, 522 

Gyninospermae 

-f Taxus baccata, *593, *594, 602 
0 Jnniperus communis, *587, 602 
+ Juiiiperiis sabina, *596, 602 
0 Jimiperus oxycedrus, 602 
0 Abies balsainca, 602 
0 Abies sibirica, 602 
0 Pinus sylvestris, *601, 602 

Querciflorae 


m 
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Ceutrospermae 


+ Agrostemma Gitliago, 627, *628 
4- Saporiaria officinalis, 627, *629 
4- Anhalonium, species of, 629 


Polycarpicae 

Kanunculns sceleratus, *633, *634 ^ 

Ranunculus arvensis, 633, *636 
Caitlia palustris, *636 
Anemone imlsatilla, *635, 636 
Anemone nemorosa, 636 
Clematis, species of, 636 
Helleborus, species of, 636 
Aconitum Napellus, *636, 63/, 638 ^ 
Aconitumlycoctonum, and other species, 

637 

0 Hydrastis canadensis, *638 
3 ^ Delphinium staphisagria, 638 
0 Illicium verum, 632 
4- Illicium religiosiiin, 632 
0 Myristica fragraiis, *632 
0 Podophyllum peltatum, 638, *639 
0 Jateorhiza columba, 638 
0 Cinnamomurn Camphora, 639 
0 Cinnamonium zeylanicum, 639 
0 Cinnamomurn Oliveri, 639 
0 Aristolochia serpenlaria, 639 
0 Aristolochia reticulata, 639 

Rhoeadinae 

0 Papaver somniferum, 643 
0 Papaver Rhoeas, *642, 643 
0 Cochlearia“armoracia, 646 
0 Brassica nigra, *644, 646 

Columniferae 

0 Gossypium, species of, *648, 649 
0 Theobroma cacao, *650, 651 

Gruinales 

0 liinum usitatissimum, *652 
0 Guiacum officinale, 652' 

0 Guiacum sanctum, 652 
0 Citrus Aurantium, var. Bigaradia, 654 
0 Citrus raedica, var. limonum, 654 , 

0 Aegle marmelos, 654 * ■ 

0 Barosma betulina, 654 , 

0 Pilocarpus jaborandi, 654 
0 Picrasma excelsa, 654 
0 Balsamodendron myrrha, 655 
: 0 Polygala senega, *655 



Frangulinae 

0 Rhamnus purshianus, 658 

Bosiflorae 

0 Rosa gallica, 664 
0 Rosa damasceiia, 664 
0 Primus am ygdalus, 664 
0 Primus domesticus, 664 
0 Primus serotina, 664 
Primus laurocerasus, 664 
0 Hageuia abyssinica, *662, 664 
Qiiillaja saponaria, *661, 664 

Leguminosae 

0 Acacia Senegal, 668 
0 Acacia arabica, 668 
0 Acacia catechu, *666, 668 
0 Acacia decnrrens, 668 
0 Cassia angnstifolia, *666, 670 
0 Cassia acutifolia, 670 
0 Cassia fistula, 670 
0 Copaifera Langsdorfii, 670 
0 Tainarindns indica, *667, *668, 670 
0 Haematoxylon campechiannm, 670 
0 Kraraeria triandra, *668, 670 
+ Laburnum vulgare, *671 
4- Coronilla varia, *673 
4- yVistaria sinensis, 673 
0 Astragalus giimmifer, *672, 673 
0 Glycyrrhiza glabra, 673 
0 Spartium scoparinm, 673 
0 Andira araroba, 673 
0 Pterocarpns santalinus, 673 
0 Pterocarpns marsupium, 673 
0 Myroxylon toluifera, 673 

0 Myroxylon Pereirae, *669, *670, 673 

Myrtiflorae 

^ Daphne Mezereum, 673, *674 

1 Daphne Lanreola, 673 
Daphne Gnidium, 673 

0 Eugenia caryophyllata, *676 
0 Pimenta officinalis, 676 
0 Melaleuca leiicadendron, 676 
0 Eucalyptus globulus, 676 

Umbelliflorae 

4 - Hedera helix, 678 
4> Conium maculatum, *683 
Ferula foetida, 683 
Dorema ammoniacum, 683 
Pimpinella aiiisum, 683 
Coriandrum sativum, 683 
Foeniculum capillaceum, 683 
Carum carvi, *679, 683 
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0 Anetlmm (Peiicetlanuui) graveolens, 
683 

+ Cieiita virosa, *680 
P Siuni Jatifolium, 682 
~ Oenautlie fistulosa, *681 
AetFiisa cynapiimi, *682 
T Berula angu.stifolia, 682 


Ericinae 

© Caultlieria procumbens, 686 
© Arctostapbylos Uva mai, *684, 686 
+ Rbododeiidron, 685 
+ Ledum, 685 


Diospyrinae 

© Styrax Benzoin, 686 


Primulinae 

+ Cyclamen europaeiim, *686, 687 
+ Anagallis arveiisis, *686, 687 
+ Primula obconica, 687 
+ Corthusa niattbioli, 687 


Contortae 

© Olea europaea, *688 
^ Stryclinos niix-vornica, 688, *689 
© Gelsemiuin nitidum, 688 
© Geutiaiia lutea, 689, *690 
© Swertia cliirata, 689 
+ Meuyantbes trifoliata, 689 
© Btropliantbus kombe, 689 
© Stropbantbus bispidns, 689, *692 
+ Neriiim Oleander, 689, *691 
+ Vincetoxicum officinale, 690, *693 
© Hemidesmus indie us, 690 


TubifLorae 

© Exogonium purga, *693 
© Ipomoea hederacea, 693 
© Ipomoea orizabensis, 693 
© Ipomoea turpetbum, 693 
© Convolvulus Scammonia, 693 
© P-osinariiius officinalis, 696 
© Lavandula Vera, *695, 696 
© Mentha piperita, 696 
© Mentha viridis, 696 
© Mentha arvensis, 696 
© Thymus vulgaris, 696 
© Monarda punctata, 696 

Personatae 

P Nicoj^ana tabacum, 699, *700 


P Lycopersicum esculenfcuni, 60? 

P Solanum dtileainara, *697 
P Solanum tuberosum, 697 
P Solanum nigrum, 696 
© Capsicum minimum, 703 
+ Atropa Belladonna, *098, 703 
P Batura stramonium, 697, *699, 703 
P Hyoscyamus niger, *701, 703 * 

© Digitalis purpurea, *702, 704 
© Pieorbiza kurroa, 704 
0 Plaiitago ovata, 704 

Bubiinae 

© Cinebona succirnbra, *705, *706 
© Uragoga Ipecacuanha, 705,' *708 
0 Ourouparia gambir, 705 
© Viburnum prnnifoliinn, 706 
© Valeriana officinalis, 706, *708 

Synandrae 

© Lobelia inflata, *711 
© Citrullus Colocyntbis, 709, *710 
© Anacycliis Pyretbrnm, 718 
© Artemisia maritima, 718 
© Aiitbemis no bills, 718 
© Taraxacum officinale, 718 
© Arnica montana, *717, 718 
0 Grindelia camporiiin, 718 

Liliiflorae 

Colcbicum autumiiale, *722, 726 
+ Schoenocaulou officinalis, 725 
© Aloe, species of; *724, 725, 726 
© Urginea scillae, 726 
© Urginea indica, 726 
+ Paris quadritblia, *727 
+ Veratrnm album, 725, 726 
+ Convallaria majalis, 726 

Glumiflorae 

+ Lolium temulentum, 735, *738 
0 Triticiim sativum, 735 
© Oryza sativa, 736, *736 
© Zea mais, 735 
0 Agropyrum repeus, 735 

Spadiciflorae 

+ A.rum maculatum, 741, *743 
+ Calla palustris, 741 

Scitamineae 

0 Zingiber officinale, *744, 745 
0 Elettaria cardamomuin, 745 
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Abies, 599, 602, 606 
Abietineae, 597 ; generative nuclei, 566 
Absciss layer, 119, 163 
Absorbent roots, 184 

Acacia, ‘''171, ^664, *665, 667 ; seedling 
of, *118 

Accessory shoots, 121 

Acer, *656 ; bud, *106 

Aceraceae, 657 

Acetahularia, 404, *406 

Achillea, 717'; gynaeceum of, *548 

Adilya, *432 

Achnanthes, 391 

Aconitum, *633, 636, *637, 638 ; gynae- 
ceum of, *548 
Acoutae, 393 

Acorus, 740, *742 ; flower of, *545 ; root 
of, *135 
Acrasieae, 385 
Acrocarpi, 496 
Acrocom/ia, fruit of, *588 
Actaea, 638 
Actinomorphic, 72 
Adaptations, 295 ; origin of, 210 
Adonis, *633 
Aecidia, 455 

Aecidium, Eiiphorbine, 294 
Aegle, 654 

Aerenchyma, 49, 167 
Aerobes, 276 
Aerotaxis, 331 
Aerotropism, 352 
Aesculus, 657 
Aestivation, 87 
Aethaliurn, 384 
Aetlmsa, *682 
Agar-Agar, 427 
Agaricineae, 4.65 
Agarlcus, *464, 467 
Agaihis, 697, 598 
Agave, 726 
• Aglaozonia, 414 
Agrimoyiia, 661 
Agw^pyrum, 735 


Agrostemma, 627, *628 
Agrostis, 7di 
Aira, 734 
Aizoaceae, 627 
Ajnga, Q95 
Akrogynae, 489 
AlMgo, 432, *433, 434 
Albumen crystals, 32 
Albuminous substances, 266 
Alchemilla, 661 ; flower, *550 
Alcoholic fermentation, 275 
M(ie,v, Alnus gluiinosa 
Alectorolophtis, 704 
Aleurone grains, 30, *31 
'Alisma, 719, 721 ; embryo of, *576 
Alismaceae, 719 
Alkaloids, 29, 268 
Alkmet, Anchusa 
Allium, 7 ; root of, *135, 137 
Allogamy, 201, 558 
Almond, Primus A mygdalus 
Alnus, AAO, *611 ; nodaks, 261 

*724, *726 ; epidermis of, *1 69 
Alopecufus, 7(!>i 
Alpima,7i& 

Alsophila, 506, *506, *509 
Alstonia, 689 

Alternation of generations, 193, 175 ; 

scheme of, 543 
Althaea, *647, 649 
Aluminium, 240 
Amanita, *465, *466, 467 
Amamntus, 95 
Amaryllidaceae, 726 

Amicia, day-position, *358 ; night-position, 
*358 

Amides, 29 
Amino-acids, 266 

Amitotic division, 24 . 

Ammonia, assimilation of, 257 
Amoeboid movements, 328 
Ampdopsis, ”*658 
! Amphibious plants, 293 
1 Amphithecium, 481 

777 - 
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Apotliedum, 439 
Apple, Pyrus mctlus 
Ap])ositioii, growtli l;)y, 35 
Apricot, Pnimis anneniaca 
Aqiiifoliaceae, 655 
Aqnilegia, *633, 637 
Araeeae, 740 
ArachiSf 672, 673 
Araliaceae, 678 

Araucaria, 597, 598, 599 ; prothallial cells, 
566 

Arclimocalamites, *521, 522 
Arclumgelica, 682 
Archegoniatae, 367 
Archegoniurn, *201, *511 
Archidmm, 496 
Arcliimycetes, 429 
Arctostaphylos, *684, 685, 686 
Arcyria, *382 
Areca, 740 
Arenga, 740 
Argemone, 642 
Arillus, 582 

Aristolochiai *95 ; flowers of, *561 ; polU- 
nation of, 556, 560 ; vascular bundle, 


Anahaena, 378 
Anacardiaceae, 655 
Anacychis, 718 
Anaerobes, 275 

AnagalUs, *686, 687 ; pyxidium, *583 
Anakrogynae, 489 
Ananassa, 730 
Anaphase, 23 

Anaptychia, spermogonium, *473 
Anastatica^ 333, 645 
Anatropous ovule, 539, *540 
AncJmsa, 694 ^ 

Andira,^1^ 

Andreaea, *491, 494 
Aridreaealea, 494 
Androecium, 546 
Andro'incda^ 685 
Andropogon,7Z4: 

Aneimia, *509 
Anemone, *635, 636 
Anemophilous plants, 552 
Anethum, 682, 683 
Aneura, SI, 488 
Angiopteris, 503 

Angiospermae, systematic arrangement, 
606 

Angiosperms, 542 ; flower, 546 ; fossil, 749 ; 

macrospores, 571 ; microspores of, 670 
Anhalonium, 629 

Animals, distribution of fruits by, 586 

Anise, Pimpinella Anisum 

Anisopliylly, 116, *117 

Annual rings, 153 

Annularia, *521, 522 

Annulus, 334, 508 

Anonaceae, 632 

Aniennaria, 716 

Anthemis, 111 

Anther, 540, 546 

Antheridial mother cell, 542 

Antberidium, *199, *201, 369 

Anthoceros, 477, *484 

Antliocerotales, 483 

Anthoclore, 29 

Anthocyanins, 29 

Anthophaeine, 29 

Anthoxanthine, 29 

Anthoxanthum, 734 

Anthriscus, 682 ; flower of, *559 

Anthurium, 740 

Anthyllis, 672 

Anticlinal cell Walls, 307 

Antirrhinum, 703 ; capsule, *583^ 

Ants, distribution of seeds by, 687 
Apical cell, 46, 78, 79, 85, 131 
Apium, 682 

Apocarpous gynaeceum, 547 
Apocynaceae, 689 

Apogamy, ,202, 316, 511, 578 d hti Mar- 
. silia, 517 . , ' 

^ Apospoiy, 511, ^784 . 


Aristolochiaceae, 639 
Armeria, *549 

Armillaria, 466 ; basidium, *452 ; clamp 
formation, *462 
Arnica, *712, *713, *717, 718 
Arrhenathernm., 734,, 

Artemisia, *715, 718 
Artichoke, Cynara Scolymus 
Artificial system, 365 
Artocarpus, 618 
Arum, 741, *743 
Ascent of water, 236 
Asclepiadaceae, 689 
Asclepias, *693 
Ascodesmis, 438 
Ascolichenes, 471 

Ascomycetes, 437 ; asexual reproduction, 
439 ; sexual organs, 438 
Ascus, 437, 439 
Asexual reproductive cells, 195 
Ash, Fraxinus 

Asb of plants, constituents of, 221, 238 
Asparagiu, 258 
Asparagus, 725 
Aspergillaceae, 441 

Aspergillus, 438, 441, *442 ; conidiopbore, 
*196 

Aspernla, 704 

Aspidistra, pollination of, 558 ’ 
Aspidium, *497, 506, *507, 511 
AspUnium., development of the sporangium 
of, *500 

Assimilated material, quantity of, 253 ; 
transformation of, 263 ; translocation 
of, 263 
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Assimilation, 247; amount of, 254 ; of 
carbon dioxide, x^i'oducts of, 252 
Assimilation experiment, 

Aster, 716 
Asteroxylon, 501 
Astragalus, *672, 673 
Atri^lex, 627 

Atro:pa, 697, ""698, 699, 703 
Atropous ovule, 539, *540 
Attaching roots, 184 
AiudcuUvria^ 460 
Aiiricularieae, 460 
Autogamy, 201 
Autonomy of characters, 322 
Autotrophic cormophytes, 165 
Autumn Crocus, Golchicum autimnale 
Autumn wood, 153, 154 
Auxanometers, 278, *279 
Auxiliary cells, 425 
Auxospores, 389, *391 
' Avena, 734 
Avicennia, 694 
Axillary buds, 121 
AzoUa, 613, 515 
Azotobacte7', 259 
Azygospores, 435 

Bacillariaceae, 387 

Bacillus, 370, *371, *372, 373, 374 

Bacillus radicicola, 260 

Bacteria, *U, 370 ; pathogenic, 374 

Bacterioids, *260 

Bacterium, 370 

Balsamodenclro7i, 655 

Bamlusa, 730, 734 

Banana, Musa 

Banyan, Ficus hengalensis 

Bark, 59 ; formation of, 163 

Barley, Ilordeum vulgare 

Barosma, 654 

Bartsia, 191, 259, 704 

Basidiobolaceae, 436 

Basicliobolus, 428, 436 

Basidiolichenes, 474 

Basidiomycetes, 451 

Basidiospores, 451, 455 

Basidium, 437, 451, 455 

Bast, 68, 158 

Bast fibres, 158 

BatmcMum., 636 ^ 

BatrachospermuTU, 423, *424, *425 
Beaked Parsley, Anthriscus 
Beech, Fagus syhatica 
Beet, Beta mdgaris 
Beetles, pollination of flowers by, 607 
Beggiatoa, 371, 376 

Begonia, 195 ; regeneration, 283, ^ 2‘86 

Bennetiitaceae, 605 

Bennettitcs, *605, *606 

Benthos, 74 

Berberii^aceae, 638 


Berheris, 

Beny, 584 
Berula, BS2 
Beta, 627 
Betula, 610, *611 
Betulaceae, 609 
Biddulphia, *390 

Bignoniaceae, anomalous secondary growth, 
*183 

Bidgenetic law, 209 
Bird’s'-Poot, Ornitliopus satims 
Bird’s-foot Trefoil, Lotus 
Bird’s-nest Orchid, Neotiia 
Bitter princixDles, 29 
Bitter-sweet, Sokmivm dulcamara 
Blackberry, 

Black Currant, Bibes nigrum 
Black Mustard, B^'asska nigra 
Blaeberry, Vaccmimn riiy^'tilkis 
Blasia, 80, *81, *488, 4S9 
Bleeding, 234 

Blue-green Algae, CyanopJiyceae 

Bocconea, M2 

Boehmeona, 619 

Bog- Bean, Menyanthes 

Bog Mosses, Sphagnaceae 

Boletus, *464 

Borage, Borago 

Boraginaceae, 694 

Borago, *694 

Bordered pit, *67 

Bostryxj *130 

Boswellia, 655 

Botrychium, *504, 505 

Botrydium, *408 

Boudiera, 438, *447 

Bouista, 468 

Bomenia, 589 

Bracteal leaves, 118 

Bracteole, 123 

Branching, 75 ; cymose, 76, 127 ; dicho- 
tomous, 75, *76 ; false, 76, *78 ; 
lateral, 75, *76; monopodial, 126; 
racemose, 125 ; of the root, 138 
Branch system, construction of, 123 
Brassica, *643, *644, 645 
Brim, 734 

Broad Bean, Vicia Faba 
Bromeliaceae, 730 
B'mnus, 734 

Brown Algae, Fhaeophyceae 
Bruguiera, 674 
Bryales, 494 

Bryonia, 709 ; pollen, *541 
Bryony, Bryonia 

Bryophyllum, 195, 658 ^ 

Bryophyta, 80, 475 ; antheridia, 4//; 
archegonia, 478; fossil, 482; plydo- 
geny, 481 ; sexual reproduction, 200 ; 
sporogonium, 480 
Bryopsis, 406, 407 
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Buck wheat, Fagopynm esculentum 
86, *88, *S9, 176 
Biid-scales, 176, 308 
Biigloss, Echvmn 
Bulbils, 194 
Bulhochaete, 403, *405 
Bulbs, 179, 194 
Bundle sheath, 102 
Burdock, Lappa, 

Burnet-Saxifrage, Pimpinella 
Burseraceae, 655 
Butea, 673 
Butoinus^ 719, 721 
Butter-Bur, Pctasiies officinalis 
Buttress -roots, 140 

CabomUi, *631, 632 
Cactaceae, 628 
Gaeoma, 460 
Caesalpiniaceae, 668 
Oakile, Q4:6 
OalamagrostiSi 734 
Qalamariaceae, 502, 522 
Calamostachys^ *521, 522 
Galamns, 740 
Calcium oxalate, 30 
Calendula, 718 

Oalla, 741 ; pollination of, 558 
Callithamnion, 422, *424 
Callitris, 606 
Callose, 64 
Oallunai 686 

Callus, 64, 159, 164, 298 ; wood, 164 

Galobryuni, 489 

Caltha, *636 

Oalycanthus, 630 

Calyptra, 131 

Calyptfosphaera, *379 

Galystegia, 693 

Calyx, 546 

Cambial cells, shape of, *146 
Cambium, 47, 100, 142, *145, 147; 
fascicular, 144 ; interfascicular, 144 ; 
repeated formation of, 148 ; in root, 

147 

Campanula, 709, *711 
Campanulaceae, 709 
Campylotropous ovule, *540 
Canadian Water-weed, Elodea canademis 
Canarium, 655 
. Cane-sugar, 252, 265 
Canna, *746 ; flower of, *552 
Cannabifiaceae, 618 
Cannabis, 618, 619 
Cannaceae, 745 . 

Cantharellus, 466 
Caoutchouc, 268, 626, 689 
Capillitium, 382 
Capituliim, 127 
Capparidaceae, 646 
Qapparis, *171, 646 ' ^ 


Caprificus, 556 
Cainifoliaceae, 705 

Gapsella, *643, 646 ; embryo of, *576 ; 

seed, *581 
Capsicum, 697, 703 

Capsule, lociilicidal, 583 ; poricidal, 5 S3 ; 
septicidal, 583 

Carbohydrates, liydrolysis ol"^ 264 ; fer- 
mentations of, 275 
Carbon, 221 

Carbon dioxide, 245, 247 ; assinulatioii of, 
247 

Oardamine, 195, *643 
Cardinal points, 21 9 
Canluus, *712, *713 
Garex, 731, *732 
Carnivorous plants, 185, 258 
Carotin, 18 

Carpels, 198, 539, 547 
Garpinus, 611, *612 
CarpocUnus, 689 
Carpogonhini, 424 
Carpospores, 424 
Carragheen, 427 
Carrot, Baucus 
Carroway, Garum Garni 
Garuni, *679, 681, 683 
Caruncula, 582, 624 
Carya, 609 
Caryophyllaceae, 627 
Caspary’s band, 57, *58 
Caspary’s dots, 135 
Cassia, *666, 668, 670 
Gassy tha, 639 
Oasta^iea, 612, *614 
Castilloa, 618 

Casuarina, chalazoganiy, 573 

Catkin, *126 

Oattlcya, 749 

GauUrpa, 195, *406 

Cauliflory, 651 

Cecidia, 295 

Gedrus, 606 

Celandine, Ghelidimium majus 
Celery, Apium 
Cell -budding, 26 

Cell division, 21, *22 ; causes of, 307 ; 

a process of reproduction, 310 
Cell fusions, 44, 69 
Cell plate, 24 
Cell sap, 12, 28 

Cell wail, 34 ; anticlinal, 47 ; chemical 
nature of, 37 ; periclinal, 47 
Cells, constituent parts of, 1 1 ; embryonic, 
*11 ; form and size ol", 10 
Cellular plants, 366 

Cellulose, 37 ; as a reserve substance, 
265 

Celtis, 617 

Centaur m, 713 ; seismonustic movements, 
' *362 
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Centaury, E-rythrae.a 
Central cylinder, 92, 94 
Centriole, 12 
Centrospermae, 627 
Cephala ntJiera, 7 4 6 
Ceplialotaceae, 639 
Qe/rastviirih, 627 
CemiimiipMj 384 
Geratiura-^ ^'387 
Gcndocorys, *387 
Oeratonia, 670 
Geratommia^ 589, *591 
Gerbera, 689 ; fruit of, *586 
Gercis, *666, 670 
Gereus, *174, 629, *630 
Cerlop% 674 

Getrana, *469, 471, *472, 474 
Ghaerophyllwni^ 682 
Ghaetocladiumi 435 
Chalaza, 539 
Ohalazogamy, 573 

Chamomile, M atricaria Ghcwicmillu 
Ohara, *419, *420, 421 
Gharaceae, 14, 24, 418 
Gliasmogamous flowers, 561 
Qheiranthus, *643, *644, 645 
Glielrostrohiis, 522 

Cheliilonium, 642 ; mutation, *325 ; seed 
of, *581 

Chemical influences, effect on development, 
293 

Chemonasty, 358 
Chemosynthesis, 254 
Cbemotaxis, 331 
Cheraotropism, 352 
Chenopodiaceae, 627 
Ghenopoclmm-^ 627 

Cherry Laurel, Prunits laurocerasv-s 
Chervil, Ghaerophylhm 
Chestnut, Castanea mdgaris 
Chicory, Glchoriwn Intybus 
Chimaeras, 299, *302 ; periclinal, 301 
Chiropterophilous plants, 558 
Chitin, 38 

Ghlamydomonas, 398, *399 
Ghiainydothrix, 376 
Ghlorarnocba^ *397 
Ghlorella, 400, *401 
Ghlorococm'm, 400, *401 
Ohlorophyceae, 398 

Chlorophyll, 18, 250 ; absorption spec- 
trum of, *249 

Cliloroplasts, 17, 250 ; movements of, 330, 
*331 

Qhoiromyces^ 448 
Chondriodernut, *13, 382, *383 
Chondriosomes, 16 
Ghondromycea, *385 
Ghondrus, *422, 427 
Choripetalae, 609 
Chromatin, 17 


Chromatophores, 11, 17 ; inclusions of, 32 : 

multiplication of, 24 
Chromoplasts, *20 
Chromosomes, 21 
Chroococms^ZIt 
Chroolepideae, 402 
Ghfoolepus, 402 
Ohryscmweha, *378, 379 
Ghrysanthernmi, 7lS 
Ghrysidella, 380 
Chrysomonadinae, 379 
ChrysophlycUs, 429 
Ghrysosplmium, pollination of, 55S 
Chytfidiaceae, 429 
Gibotkm, $11 
C'MonMm, .*713, 716 
*680, 682 
Cilia, 328 
Gwiicifuga, 

Cmchona^ 704, *705, *706 
Cincinnus, *129, *130 
Ginercma,7lZ 
Ginnamomtm, 639, 749 
Gircaeat 674 
Circnlation, 13 
Circiimnntatioiis, 336 
Girsuim, 713 

tendrils, 354 
Cistaceae, 647 
Cistern epiphytes, 185 
Cistiflorae, 646 
GiiruUus, 70Qi ^710 
Oitriis, 652, *653, 654 
Cladodes, 171 

: Oladonia, 471, *473, 474 
Gladophora, *77, 78, 404, *406 ; cell of, 
*17, *25; chloroplast of, *18; 

polarity, 284 
Gladostephus, *79, 409 
Gladothrix, *371, 375 
Glavaria, *463 
Clavarieae, 463 

Olaviceps, 443, 444 ; sclerotium of, *41 
Cleistogamous flowers, 561 
Cleistogamy, 561 
Gleinatis, *98, 636 

Climbers, anomalous secondary growth, 
182 

Climbing plants, 182 
Olivia^ 726 
Glosterium, 393, *394 
Clostridium, 269, 372 
Clove, Eugenia caryophyllata 
Clover, THfoUum 
Club Mosses, Zycopodinae 
■Gwims, 713, *714 
Cobaea, tendrils, 354 
Cocci, 370 

Coccolithophoroideae, 380 
Gocconeis, 391, *392 
Cochlearia, 646 
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Cocoa tree, Thedbroma Cacao 
Coco-nut Palm, Cocos micifem 
Cocos, *739, *740, *741 
Coenogaiiietes, 429 
Cofea, 704, *707 
Coffee plant, tofea 

Cohesion, mechanisms, 334 ; theory, 237 
Cola, 651 

ColcUciim, *722, 724. 726 ; seed of, *580 

Gvleochaete, 404, *405 

Collective species, 322 

CoUema, 474 ; carpogoniiim, *473 

Collenchyma, 61, *62 

Colleter, *57, 176 

Colleiia, 657 

Colloidal solutions, 15 

Colouring matters, 268 

Colours of flowers. 554 

Coltsfoot, Tnssilago Farfara 

Columella, 483, 492 

Columiiiferae, 647 

Combinations, 325 

Comfrey, SymphyHm 

GommeMna, 730 

Commeliuaceae, 730 

Commiphom, 655 

Companion cells, 158 

Compass plant, Lactuca Scariola 

Compass plants, 351 

Compensations, 297 

Complementary tissue, 59 

Compositae, 711 

Conducting tissues, 62 

Conduction, 243 

Gonferm, *397 

Conidiospores, 195 

Coniferae, 592 ; microspores of, 566 

Conimi, *678, 682, *683 ; ovary of, *549 

Conjugatae, 392 

Conjugation in Spirogyra, 396 

Connecting threads, *44 

Connective, 546 

Consortium, 469 

Contact, stimulus of, 292 

Contortae, 687 

Contractile roots, 180 

Conmllarid, *100, *107, 725 

Convergence of characters, 174 

Convolvulaceae, 691 ^ 

Conwlmlus, 691, 693 

Copaifera, 669, 670 

Cora, 470, *474 

CoraUior’rMza, *191, 256, 746 , 

Corchorus, 649 
Cordaitaceae, 604 
Cordaites, *604, 605 
Cordyline, *143, 725 



Cork colls, 162 
Cork oak, 162 

Cormophytes, 73 ; gametopliyte. of, 83 
Cormus, S3 ; adaptations oi\ 165 ; con- 
struction of the typical, 84 ; secondary 
growth ill thickness of, 140 
Cornaceae, 678 

Cornelian Cherry, Go-mus mas 
(Jornus, *678 
Corolla, 546 
GoTO)iilla, 672, *673 
Correlation, 296, 310, 314 
Corsinia, sporogonium, *480 
Cortex, 92 

Gorydalis, *642, 643 ; seed of, *581 
Qoryhhs, 611 ; catkin of, *553 
Gosmarimi, 398, *394 
Cotton, hairs of, 54, *55 
Cotton-grass, Erioplwrum angustifolium 
Cotyledons, 117, 565, 575 ; number of, 588 
Cowberry, Vaccinmm mtis idea 
Cramhe, *643, 646 
Crassula, 658 

Crassulaceae, 658 ; respiration, 271 

Crataego7nespil us, 299 

Crataegus, 661 ; leaf of, *109, *608 

Craterellus, 463 

Crenotlirix, 371, 376 

Crepis, 716 

Cfihraria, 384 

Cfihraria rufa, *382 

Crinum, 726 

Crocus, *728 

Crossotheca, *535, 536 

Cross-pollination, 201, 558 

Croton, 625, 627 

Crown-gall, 373 

Cruciferae, 643 

Crustaceous lichens, 470 

Cryptogams, 366 

Cryptomeria, 606 

Cryptomonadinae, 380 

Gryptomonasy *380 

Cryptospora, *443 

Cucumber, Cuxumis sativus 

Gucumis, 709 

CuGurhita, 95, 709 ; pollen-grain of, *36 ; 

sieve-tubes, „ *63 ; tactile pits, *353 
Cucurbitaceae, 707 j tendrils, *354 
Cupressineae, 596 
Cupressus, '597 
Cupuliferae, 611 
Curcuma, 745 
Curvature, 327 
Cuscuta, 189, *190, 259, 693 
Cuticle, 60 
efutinisation, 38, 39 
Cutis tissue, 57 
Cutl&na, *413, 414 
Ctitleriaceae, 414 

Cuttings, 284 ^ 




IKDEX 


783 


Oyaiiopliyceaej 376 

Gyatlua^ 506 

Gyatheaceae, 509 

Oyatlnum, *624, 625 

Cycadaceae, 589 

Cycadeae, male cells, 562 

Oycadeoidea, *605, 606 

Gy cadiiiae, 589 

Cyciidiies^ 605 

Oyms, 589, *590, *591 

Oydamem>, *686, 687 

Cydonla, 660, 661 

Gylindroq/stis, *393 

Cynara, 713 

Cyperaceae, 730 

Cyperm, 730, 731 

Cypress, Gnpressas senipervirens 

CypripecUivm , 746 ; embryo-sac, 572 

Cystocarp, 424 

CydocUrium; *386, 387 

Cystolitb, 36, *37 

6ysto2ous, 432 

dytisus, 671, 673 

Cytology, 10 

Cytoplasm, 11, 15 ; division of, 24 ; in- 
clusions of, 28 

Dactylis, 734 

Dahlia, 717 ; root-tubers, *178 
Dammam^ 606 

Dandelion, Ta,raxacum officinale 
Daphne, 673, ^674 
Darwinism, 212 
Date Palm, PJwenix 
Datura, 697, *699, 703 
Daticus, 682 
Day-position, 357 

Deadly Nightshade, AtTop)a Belladonna 

Death, 220 

Deciduous trees, 305 

Delesseria, *79, 422, 427 

Delphinium, 638 ; ovary of, *547 

Dendrobknn, 7 49 

Dentaria, bulbils, *194 

Derrnatogen, 86 

Descent, theory of, 206 

Desert, 219 

Desmidiaceae, 393 

Desmids, movements, 328 

Desmodi'um, movement, 337 

Determinants, 296, 317 

Deternimation of sex, 314 

Deutzia, 659 

Development, 217, 278 ; commencement 
of, 304 ; course of, 301 ; factors of, 
288 ; external factors, 288 ; internal 
factors, 296 

Developmental physiology, 278 
Diageotropism, 342 
Dialypetalae, 629 
Dianthns, 627 


Diapensia, ovary of, *548 
Diastase, 264, 265 

Diatomeae, 387 ; Gentrieae, 389 ; Pennatae, 
391 ; moveraeuts, 328 
Diatoms, Diatomeae 
Dicentra, 64Z 

Dichasium, 127, *129, *130 
Dichogamy, 559 
Dichotomosiphon, 407 
Dichotomous branching, 119 
Dicksoma, 506 
Diclinous flower, 545 
Dicotylae, 608 

Dicotyledons, secondary tliiclveniiig of, 
143 ; systematic arrangement of, 607 ; 
wood of, 154 
Dioranophyllum, 605 
Dictaninus, 652 
Dietyonema, 474 
Dictyosielium., 385 

Dictyota, *76, 79, 409, *414, 4,15 ; grow- 
ing point of, *80 
Dictyotaceae, 415 
Diermlla, 706 
Diffusion, 224, 243 
Digitalis, *702, 703, 704 
Dihybrids, 322 
Dilatation, 160 
Dill, Amtimm 
Dimorpha, *381 
DimorphotJieca, 718 
Dindbryon, *378, 379 
Dinoflagellatae, 386* 

Dionaea, *187 

Dioon, .589 ; fertilisation, 564 ; pro- 
embryos, *565 
Diospyi'inae, 686 
Diospyros, 686 
Dipsaceae, 706 
Dipisacus, 706, *709 
Dipterocarpaceae, 647 
Dischidia, *184, 690 
Discomycetes, 445 
Distephamis, *379 
Distomatineae, 381 
Divergence, 89 ; angle of, 89 
Dodder, Ouscitta 
Dogwood, Oornus sanguined 
Dominance, rule of, 321 
Dorema, 683 
Doronicum, 718 
Dorsal suture, 547 
Dorstenm, 618 ■ 

Dracaena, 725, *726, 749 
Drepaniiun, *130 
Drimys, 632 
Drip-tip, 168 

Drosera, *185, *186, 195 ; chemonastic 
movements, 359 
Droseraceae, 639 
i Drupe, 584 
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Dryas, 663 

Epiphytes, 183, 228 

Drijnhalanojis^ 

Epipogon, 191, 256, 746 

iJnjopiens^ ’■'497, 506, *507, ^509, 611 

Epithema, 113 

Dry kot fiiDgiis, Memlius lacry'mcms 

Eg^dsetaceae, 502, 517 

Jjuchesuaya, 425, *426 

Equisetinae, 517 

Duration of life, 309 

■ Eguisetum, *86, *87, 95, 517, *518, *519, 
*520, 522 ; germination of the spores 

Early wood, 153 

of, 290 

Ebenaceae, 686 

Ergot, 443, 444 

JMallluM, *709 

Ergot, Olamocps p%irp\irm 

Mcremoca7p'Us, tendrils, 354 

Erica, 686 

Eehinocactas, 629 

Ericaceae, 684 

Echinodorus, *720 

Erichiae, 684 

Echinops, 713 

Erigeron, 716 

Echium, *694 

Eriohotrya, 661 

Ecology, 3 ; of flower, 551 

Eriophorum-, 730, *731 

Ectocarpms^ 409, *413 

Erodkm, fruit of, 334 

Edelweiss, LeontopmHum 

Erophila, 646 

Egg-cell, 199 

Erysibaeeae, 438, 440 

Elaeagiiaceae, 673 

ErysiJje, 440, 441 

Elaeagnvs^ 673 ; nodules, 261 

i Erysiphe, *27 

Elaels, 740 

' Erytliraca, 689 

Elaphomyces^ 442 

Erythroxylaceae, 652 

Elapbornycetaceae, 442 

Erytkroxylon, * 6 5 2 

Elasticity, 60 

Escholtzia, 642 

Elder, Samhucus 

Ethereal oils, 30, 268 

Elementary species, 322 

Etiolation, 289 

Elettaria, 745 ; seed of, *581 

Eucalyptus, 235, 675, 676 

Elodea, 721 

Eucheuina, 428 

Elongation, phase of, 284 

Eudorina, 399, 400 

Embryo, 202, 575 ^ 

1 Eugenia, Q75, *676 

Embryo-sac, 539, *571 

Euglena, *380, 381 

Embryonic rudiments, 282 

Euglenineae, 380 

Emergences, 56 

Eumycetes, 436 

Empiisa^ 435, *436 

Euphorbia, *174, *623, *624, 625, 626 

Enantioblastae, 730 

Euphorbia Oypoarissias, 294 

Encephalartos, 589, 606 

: Eiiphorhiaceae, 623 

Enchanter’s Nightshade, Olrcaea 

Euphrasia, 191, 259, 704 

Endive, Cickormm endivia 

EuroHum, 441 

Endocarp, 583 ' 

Eiiryalc, 632 

Endocarpon, 471 

Eusporangiatae, 603 

Eudodermis, 57, 94, 135 

Everlasting flowers, Helichryswni 

Endophylhmi, 459, *460 

Everlasting Pea, Lathyrus 

Endosperm, 565, 580 ; development of, 

Evolution, 2 

574 ; nucleus, 574 

Excretion of water, causes of, 234 

Endospores, 195 

Exine, 541 

Endothecium, 481, 546 

Exoasceae, 449 

Energy, liberation of, 273 

Exoascus, 449 

Entewmorpha, 402, *403. 

, Exobasidiineae, 461 

Entomophilous plants, 553 

Exobasidium, *460, 461 

Entomophily, 556 

Exocarp, 583 

Entomophthorineae, 436 

I Exodermis, 135 

Enzymes, 264 

Exogonium, *693' 

Ephedra, *602, *603 ; prothallia, 569 

Exospores, 195 

Epidermal system, 49 

Exothecium, 546 

Epidermis, *49, 92 

External factors, purposiveness of the 

Epigeal germination, 589 

reactions to, 295 

Epigynous flower, *5.49, 550 I 

External segmentation, 71 

EpUobium, 674 , 

Extrorse, 546 

Epipactis, 746; cell of,. *25 

Exudation, 232, *233 

Epiphyllvm, 629 , 

Eye-spots, 20 
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F(ujoi)yrmn^ 621 ; acliene, *583 ; ovary 
of, *549 

Fagns, 612, '"613, *614. 
i\alse Acacia, Rohinia 
Fascicular carubium, *144 
Fats, 30, 266 

FegcUeMa, antlieridium, *477 
Fennel, Foeniculum 

Fermentation, 269, 274 ; bacteria of, *373 ; 

products of, 276 i 

Ferns, FiHcime 
Ferns, venation of, *500 
Fertilisation, 202, 314 
Ferula^ 683 

Festnca, *733, 734 ; flower of, *554 

Fims, 617, *618 

.Fig, Ficus carica 

Filago^lll 

Filament, 546 

Filamentous bacteria, Tricliobmteria 
Filamentous lichens, 4.70 
FUiceSy 502, 505 
Filicinae, 501, 503 
FilicinaQ eusporangiatae^ 502 
Filicinae leptosporangiatae^ 502 
Flagella, 328 
Flagellata, 378 
Flagellates, Flagellata 
Flax, Linmn usitatissmum 
Floral axis, 549 
Floral diagrams, 551 
Floral formula, 551 
Florideae, 421 ; climbing parts, 356 
Flowers, , conditions of the formation of, 
312 ; morphology and ecology of, 
544 ; protandrous, 559 ; protogyiious, 
559 

Foe7iicuhwii *678, 682, 683 
Foliaceous lichens, 470 
If’oliage leaf, diagram of, *109 
Follicle, 583 
Fames, *464, 465 
Fontmalis, 496 

Food materials, assimilation of, 247 ; in- 
dispensable, 239 

FooFs Parsley, Aethnsa cynapiuni 
Foreign organisms, effect on development, 
294 

Forget-me-not, Myosotis 
Formative tissues, 46 

Fossil Angiosperms, 749 ; Gymnosperms, 
604 _ 

- Foxglove, Digitalis 
Fragmentation, 24 
Frag r aria, 663 
Frago'arm moiuphylla, 325 
Frangulinae, 657 
Fmximis, 687, *689 
Free cell formation, 26 
Free nuclear division, 26 
FreycineUa, 737 ; pollination of, 558 


Fritillarm, 72Q 

Fruit, 582 ; collective, 5S2 ; utihijceiKa- 
of, *583 ; indehiscent, *583 ; pari i a], 
582 ; ripening of, 269 ; spuriouri. 584 
Fmllania, 488, *489 
Friiticose lichens, 470 
Fucaceae, 410, 416 
Fucoxaiithiii, 19 

410, *411, *416, *417 
Fidigo, 384 
Fwnaria, nut, *583 
Fumariaeeae, 643 

Funaria, 494, 496 ; archesporhim, *481 ; 
antheridium, *477 ; chloroplasts, *18 ; 
included starch grains, *24; proto ^ 

. nema, *476 ; sporogoniuin, *481 
Fungi, nitrogenous food, 258 
Funiculus, 539 

Fimkia, egg apparatus, *572 ; embryos in, 
*578 

Furze, S!7ku 

Galanthus, 726 
Galeopsis, *695 

Galium, 7 Oi ; schizocarp, *583 
Galls, 294, 295, 614 ; histoid, 295; 

organoid, 295 
Gametangia, 199, 369 
Gametes, 198, 369 
Garcinia, 647 

Gases, absorption of, 244, 245 ; movement 
of, 246 

Gasteromycetes, 467 
Gaulthe^'ia, 686 
Geaster, 468 
Geitonogamy, 201 
Gelatinons lichens, 470 
Gelidimn, 428 
Gelsemium, 688 
Gemmae, 193, 194 
Generative cells, 542, 561 
Genes, 317 
Genetic spiral, 90 
Genista, 671 

Geniiana, 688, 689, *690 
Gentianaceae, 688 
Geographical distribution, 209 
Geophytes, 177 ; movement, 327 
Geotropic curvatures, 341 
Geotropic movement, *341 
Geotropio position of rest, alteration of, 
344 

Geotropism, 339, 340, 346 ; negative, 
340; a phenomenon of irritahiUty; 
346 ; positive, 342 
Geraniaceae, 651 

G&ranmm, *651 ; flower of, *552 
Germination, 202, 304, 805, 687 
Gmm, 663 

Gigartina, 422, *423, 427 
Ginger, Zingiber officinale 
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Ginkgo^ 591, *592, 606 ; male cells, 562 ; 

pollen- grain, *562; ovule of, *563 
Crinkgoaceae, 591 
Grinkgoinae, 591 
Girders, 93 
GlatUohis, 730 
Glandular cells, 70 
Glandular epitlieliiini, 70 
Glandular kair, *70 
Glandular scale, *70 
Glandular tissue, 70 
Glaucium^ *642 
Gleba, 468 
Glechom.aj 696 

Qledilschia, 670 ; stem-tliorn of, *174 

Gleiclieniaceae, 509 

Globoid, *31 

Gloeocapsa, *40, 377 

Glucosides, 29, 268 

Glumiflorae, 730 

Glycogen, 28 

Glycyrrliiza, 672, 673 

Gnaphalimii 716 

Gnetaceae, 602 

Gnetinae, 602 

Gnetineae, microspores, 569 

G'netwn, 602, *603 ; embryo-sac, *569 

Gooseberry, Rihes grossularia 

Oossypiuiii, *65, *648, 649 

Graft hybrids, 299 

Grafting, 297, *298 

Gramineae, 732 

Grand period of growth, 280 

Grape Vine, Vitis vinifera 

GmpMsi ill 

Grass -haulm, geo tropic erection of, *342 

Grass-wrack, Zostera marina 

GraUola, *701, 703 

Gravity, effect on development^ 291 

Griffithia^ 427 

Grindelia, 718 

Ground-nut, Arachis hypogaea 
Growing point, 84, 282, *307 
Growth, 217, 278, 306 ; and cell division, 
306 ; distribution of, 280 ; grand 
period of, 280 ; measurement of, 278 ; 
phases of, 282 ; rate of, 279, 281 
Growth in thickness, primary, 140, 286 ; 

secondary, 142 
Gruinales, 651 

Guard cells, 52, 53 ; movements of, 231 

Gidacum, 662 

Gum-resins, 268 

Gutta-percha, 268, 689 

Guttiferae, 647 

Gymnadeniai 746 

Gymnodiniaceae, 386 

Gymnospermae, 589 

Gymnosperms, 542 ; flowers of, 544 ; 
secondary thickening of, 143 ; sexual 
generation, 561 ; wood of, , 160 


Gyrmios2mwngmm, *457 
Gynaeceum, 546, 547 
Gynaiidrae, 745 
Gynosteniium, 745 
Gyromitra^iil 

Jlaastia^ 716 

Hadrome, 68 

TIaemanthuSj 726 

llaematococcus, 398, *399 

Haeniatoxylin, 158 

Ilaemcvtoxq/lon^ loSj 

Uagmia, 661, *662, 664 

Hairs, 64 ; scale, *66 ; stellate, *65; 

stinging, *57 
JlalaspjJiaerai 397 
Ualimecla, iOQ 
Halophytes, 169 
Hamamelidaceae, 623 
Hainamelidinae, 623 
Jlamamelis^ 623 
Ilancornia, 

Haplobacteria, 371, 372 
Haplomitrieae, 489 
IIaplomUrkmiy*iS9 
Haptotropisra, 353 
Hart’s-Tongue Fern, Scolo2)efuMum 
Harvey ella, 427 
Haixstoria, *77, 191 

Hawthorn, Crataegus {Mespihts) (mjcantha 

Hay bacillus, Bacillus suhtilis 

Hazel, Coryhis avellana 

Head, 127 

Heart- wood, 158 

Heat, production of, 276 

Heather, Calluna vulgaris 

Bedera^^1% 

IledycMum^li^ 

Helianthemim, *646, 647 
IJelianth/us^ *713, 717 ; embryo -sac of, 
*575 

Belichrysimiy 716 
Heliotropism, 348 
Ilellehonis^ 636 ; foliage leaf, *119 
Helobiae, 719 

Uemerocallis, anther of, *541 
Hemicelluloses, 37 
Ileynidesmus^ 690 
Hemlock, Oonum macula.tum 
Henbane, Hyoscyanvus niger 
Ilepaticae, 475, *482, 483 
Herbs, 141 ; annual, 180 ; i>eroimial, 176 
Hercogamy, 560 
Heredity, 316 
Heterocontae, 396 
Heteroecious, 458 
Heteromerous lichens, 470 
Heterophylly, 116, 308 
Heterostyly, 560 ; dimorphic, 560 ; tri- 
morphic, 560 

Heterotrophic cormophytes, 188 ^ 
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Hypholoma^ basidinm, *452 ; cell of, *.16 
Hypnodinmm, 387 


He terotrophio plants, 254 
Heterotype division, 205 
Heterozygotes, 317 
Hevea, 

Hexoses, 38 
Hibemacxila, 194 
Ilibismis, 649 

Iliemcvmn, *713, 716 ; apospory in, 

, *579 ■ 

Hilum, 579 
Hippocastanaceae, 657 
Hippophae^ 673 
Ilipipuris^ *87 
Histology, 40 
Holcus, 734 

i Ilex aciuifolmm 
Homoiomerous lichens, 470 
Homotype^division, 205 
Homozygotes, 317 , 

Honeysnclcle, Lonicera periclymmmvi 
Iloodia^ 690 
lio'p, liumulus lupidus 
Ilordeum^ 733, 734, *735 ; apex of a 
root, *133 

Hornbeam, Carpinus BePulus 
Hornea^ hhl 

Horse-cjiestmit, Aescidus hippocastanum 
Horse-tails, Equisetineae 
Hoya^ 690 

618, *619 
Hyacinthus, 725 
Hyaloplasm, 15 

Hybrids, 317 ; inheritance in, 319 ; in 
nature, 317 
Hydathodes, 71, 168 
Hydneae, 463 
tlydnophytum,^ 704 
Hydnmi^ *463 
Hydrangea^ 659 
Hydrastis, *638 
Hydracharis, 194, 721 
Hydrocharitaceae, 721 
Hydfodictyon, 401 
Hydrophilous plants, 553 
Hydrophytes, 165 
Ilydropterideae, 502, 512 
Hydrotaxis, 332 
Hydrotropism, 352 
Ey drums, 379 
Hygrophytes, 167 
Hygroscopic movements, 333 
Hymenogastreae, 468 
Hymenolichenes, 474 
Hymeiiomycetes, 461 ; clamp connections, 
461 

Hj^menophyllaceae, 509, 510 
Hyoscyamus, 697, 699, *761, 703 ; seed 
of, *581 ; stamen of, *547 , 
Hypanthiiim, 550 
Hypericum, 647 
Hyphae,^*77 


Hypocmius, 462 
Hypocoty], 565 
Hypogeal germination, 589 
Hypogynous flower, *549, 550 
Hypophysis, 575 

Iberis, 646 
Ilex, 655, *656 
llUcium, 632 

Imbibition, 223 ; mechanisms, 333 
Immunity, phenomena of, 295 
liidim Cannabis sativa 

Indusium, 508 

Inflorescences, 125 ; diagrams of, *128 
Initial cells, 46, *80 
Initial layer, 144 

Inorganic material, oxidation of, 274 
Insectivorous plants, 185, 258 
Integuments, 539 

Intercellular spaces, 44, 246 ; lysigenous, 
45 ; schizogenous, 45 
Intercellular system, 45 
Interfascicular cambium, *144 
Internal diflTerentiation, 287 
Internodes, 88 
Intine, 541 

Intramolecular respiration, 272 
Introrse, 546 

Intussusception, growth by, 35 
Inula, 716 
Inuiin, 28, 265 

Iodine, 240 ^ 

Ipomoea, 693 \ 

Tvi /I O A / f?. A 

Iris, *72^ *729, 730 ; diagram of, *551 ; 

seedlings, *588 
Irritability, 215 
Jsafe-644, 646 
Isoetaceae, 602, 530 
Isoetes, 523, 530, *531 
Isogamy, 198, 369 
Isosmotic solutions, 224 
Ithy phallus, 

Ivy, Hedcm Helix 

Jasione, 709 
Jasininmn, 687 
Jateorhim, 638 

Jerusalem Artichoke, Helianthus tuherosus 
Juglandaceae, 609 
Juglandiflorae, 609 

Juglans, 609, *610 ; fertilisation, *574 
J'uglans regia, chalazogamy, *573 
Juncaceae, 721 
/uncus,. *721 
Jungermmtnia, 

Jungermanniales, 488 

Junipcrus, *97, *595, *596, 597, 602 
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Kctndelia, 674 ; seedling, ^'588 

Karyokinesis, 21 

Kichxia, 689 

Kidney Bean, Phaseolits 

Kidiiey-Y etch , A nthyllis 

Kieselguhr, 392 

Kliiiostat, 340, 350 

Knautia, 707 

Knight’s experiments, 339 

Kmmeria, ^''668, 670 

Labiatae, 694 
Laboiilbeniaceae, 438, 450 
Lahurnurti, *668, *671, 673 
LabumuM Adami, 299, *300 
Laburnum, Lahnrmm mdgare 
Lachnea, 438, *445 
Lctctaria, 466, 467 
Lact’uca, 716 # 

Ladies’ Slipper, Gypripedium 
Laeliaf 749 

Lagemstoma) *535, 536 
Lamarckism, 210 
Lamina, 108 

Laminaria, 409, *410, *415, 416, 418 
. Lamiiiariaceae, 409, 416 
Lmnitmiy *694, 695 
Landolphia, 689 
Lappa, *712, 71^ 

Larch, Larix eufopaea 
Lanx, *600 ' 

Late wood, 153 

Lateral branches, direction and- intensity 
of growth of the, 125 
Lateral branching, 120 ; types of, 125 
Lateral buds, position of the leaves of, 
122 

Lateral root, origin of, *138 

Latex, 68, 268 

Lathraea, 704 

Lathy ms, 672 

Laticiferous cells, *68 

Laticiferpus tubes, 69 

Laticiferous vessels, 69 

Lamlatea, 474 

Laurel, Laums noUlis 

Laurus, 638, *641 

Lavandula, *695, 696 

Leaf arrangements, 88 ; alternate, 88 ; 

main series of, 91 ; verticillate, 88 
Leaf axil, 120 
Leaf-base, 108, 115 

Leaf-blade, 108 j external form, 109 ; 

functions of, 114 
Leaf-cushions, 115 
Leaf mosaic, 115 
Leaf, pitchered, *187 
Leaf-scars, 119 
Leaf-sheath, 108, *116 , 

Leaf-stalk, 108, 115 
Leaf-thorns, 172 


Leaves, 1)racteal, 117; deciduous, 119; 
development of, 106 ; different forms 
of, 108; duration of life of, 118; 
evergreen, 119 ; foliage, 108 ; inteninl 
strueture, 111 ; median plane of, 121 ; 
scale, 117 ; transverse section of, 
*113 ; venation of, 11(J 
Lecanora, 474 
Lecithins, 258, 266 
Ledum, 685 
Legume, 583 

Leguminosae, 664 ; root-tubercles, 200 
Lemon, Qitms linitmum- 
Leas, 672 

Lentibulariaceae, 704 
Lenticeis, *59 
Lentil, Lens 
Leocarpus, *383 
Leoniodon, flower-head, *357 
Leon topodiwn ,716 
Lepidium, *643 
Lepuloca/rpon, 533 
Lepidodendraceae, 503, 533 
Lepidodendron, *532, 533 
Lepidostrrohus, *533 
Lepiota, 466 
Leptorae, 68 

Leptosporangiatae, 505 ; antberidia, 510; 

archegonia, 510 
Leptothrix, 371 
Lessonia, 410 
Lettuce, Lactuca saliva 
Leucin, -258 
Leucdbryum, 492 
Leucojum, 726, *728 
Leuconostoc, 373 
Leucoplasts, 19, *20, .32, *33 
Levistmm, 682 
Lianes, 182 
Lichen acids, 469 
Liclienes, 469 
Lichens, Lichemes 
Licmophom, *388 

Life, active, 220 ; conditions of, 218 ; 
duration of, 309 ; essential phenomena 
of, 215 ; latent, 220 

Light, adaptations for obtaining, 181 ; 
effect on development, 289 ; produc- 
tion of, 276 
Lignification, 38, 39 
Ligulatae, 530 
Ligule, *116 
Ligustrum, 687 
Liliaceae, 724 
Liliiflorae, 721 

Lilium, 725 ; diagram of, *551 ; embryo- 
sac, 572 ; fertilisation of, *575 ; 
pollen-grain of, *570 
lAlium martagon, germination of, *180 
Lime, Tilia 

Limnantheimm, 689 . 
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Liniodormn, 746 
Linaceue, 652 
JAnariit, 703 

Limiaeas, classification, 365 

Ll/ium, *652 ; gynaeeenm of, *548 

Li(iui\l(mbar, 62 S 

Liquorice, UlycyrrhiM 

lAriodendfOn^ 632 

Listera^ 746 

Litorelldy 704, 710 

Liverworts, llepaticae 

Lobar ia, 474 

Lohdia, 710, *711 ; ovary of, *548 
Lobeliaceae, 709 
Loganiaceae, 688 
Lolium, 734, 735, *738 
Lonimm^lOQ 

Lophos^ermim, tendril-like petioles, *355 

Loraiitlmeeae, 620 

Loraiitliiflorae, 620 

Loraiithus, 620 

Lotus, *669, 670, 672 

Lovage, Lemsticum 

Jjunaria, *643 

670, 671 
Luzula, 724 
Lycoperdon, 467, 468 
Ly coper simmn, 697 
Lycopodiaccae, 502, 524 
Lycopodinae, 523 
Lycopodinae hiciliatae, 524 
Lycopodinae pluriciliatae, 524 
Lycopodium, *99, 523, *524, *525, *526, 
527 ; bifurcating shoot, *120 ; stein 
of, *499 

Lygmodendron, *534, *535, 536 
Ly thrum, 673 

Macrocystis, 409, *410 
Macrosporangia, 501 
Macrospores, 501 * 

Macrozamia, 589 
Magnolia, 632 
Magiioliaceae, 632 
Maianihemum, 725 
Main-root, 140 
Maize, Zea mais 
Malacophilous plants, 558 
Malm, *647, 648 ; pollen grain of, 
*547 

Malvaceae, 648 , 

Mammillaria, 629 
Mangifera, 655 
Mangroves, 167 
Manihot, 626 
Manures, 244 
Maranta, 745 
Maraiitaceae, 745 
Marattiaceae, 503 

Marcfjravla, inflorescence of, *558 ; polli- 
ni^ion of, 556 


Marchayitia, iSi, *486, 487 ; air- 

pore, *82 ; antlieridiiiiii, *476 ; arche- 
gonium, *4/8 ; rhizoid of, *36 
Marchantiales, 484 
Marsh Marigold, Caltha palustris 
Marsh plants, intercellular spaces of, 166 
MwrsiUa, *612, *516, *517 
Marsiliaceae, 512, 516 
I Mao'tensia, 423 
! Mastigamoeha, *381 
Matricaria, *712, 713, *715, 718 
Matthiola, 645 
Maximum, 219 

Mechanical influences, effect on develop- 
ment, 292 

Mechanical tissue system, 60 
Mechanism of development, 278 
Mocunalis, 625 
Median plane, 72 
Medicago, 672 

Med/icago 

Medlar, Mespilus german ka 
Medullary rays, 95, *146, 156; primary, 
146; secondary, 146 
Meiosis, 24, 205 
Melaleuca, 676 

Melampyrtm, 191, 704 ; embryo- sac of, 

*577 

Melica, 734 

Melilot, Melilotus 

Melilotus, 672 

Melon, Cucumis Melo 

Mendel, laws of inheritance, 319 

Mendelian rules, validity ol‘, 322 

Menispermaceae, 638 

Mentha, 696 

Menyanthes, 689 

Mercurmlis,*%2^ 

Meringosphaera, 397 

Meristems, 46 ; primary, 46 ; secondary, 
47 

Merulius, 465 
Mesembryantlic'imm, 628 
Mesocarp, 583 

Mesocarpus, chloroplasts, 330 
Mesophyll, 112 
Mesotaeniaceae, 393 
Mespilus, 661 
Metabolism, 217, 220 
Metals, assimilation of, 262 
Metaphase, 23 
Metroxylon, 740 

Metzgeria, 81, 488, 489 ; apex of, *82 
Miadesmia, 533 
Micrasterias, 393, *394 
Micrococcus, 374 
Microeycas, 68^ 

Micropyle, 539, 579 
Mievosomes, 15 
Microsporangia, 501 
Microspores, 501 
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Mildew fungi, 

Milfoil, Achillea 
Millet, Androjpogon SorgMmi 
Mimosa, *664, 667 ; movements, *360 ; 
seismonastic movements, 359; state 
of rigor, 361 
Mimosaceae, 664 
Alimusops, 686 
Minimum, 219 
AlimUlis, hybrid, *320 
Mistletoe, Viscimi alhxiin 
Mitochondria, 16 
Mixo-chimaera, 301 

Mnkm, *83, 491, *493, 494, *495 ; 

archegonium, *479 ; peristome, *496 
Modifications, 211, 322 
Monarda, 696 
Monascus, 438, 439 
Monkshood, Aconitum napellus 
Monoblepharideae, 430 
MonoUejyharis, *199, 428, *430 
Monochasium, 128, *129 
Monochlamydeae, 609 
Monocotylae, 718 
Monocotyledon flower, 550 
Monocotyledons, secondary growth in 
thickness of, 142 
Monopodium, 75 
Monosporangia, 423 
Monotropa, 191, 256 
Monstera, 740 ; perforations, 284 
Moraceae, 617 

Morchella, *447 ; hymenium, 439 
Morphology, 7 ; experimental, 9 
Moms, 617 ; inflorescence of, *684 
Mosses, Musci 
Moss-plants, origin of, 475 
Movement, 218, 326, 332; conditions of, 
329 ; hygroscopic, 383 ; nastic, 356 ; 
• of orientation, 338 ; paratonic, 337 ; 
periodic, 358; of protoplasm, 328 ; 
seismonastic, 359'; tactic, 329 
Movements of curvature, 332 ; autonomic, 
335 

Movements of locomotion, 327 ; mechanism 
of, 327 
Mucilage, 28 
Mucilage tubes, 69 
Mucot, *434, 435, *436 
Mucorineae, 434 ; heterothallic, 435 ; 

homothallic, 435 
Muciina, stem of, *i48 
Mullein, Yerhascmn 
Multicellular formation, 26 
Musa, 743 
Musaceae, 743 
Muscari, 725 
Mxisci, 475, 482, 489 
Mutations, 325 
Mutisieae 712 
Mycelium, 77, *78 


Mycohacterium, 373, 374 
Mycorrhiza, 191,256 
Myosotis, 694 

Myristica, *632 ; seed, *581 
Myristicaceae, 632 
Myrmecodia, 1 0i 
Mijroxylon, *669, *670, 671, 673 
Myrtaceae, 674 
Myrtiflorae, 673 

Myrt'iis cQnmnmiis 
Myrtus, 674, *676 
Myxamoebae, 383 
Myxobacteriaceae, 385 
Myxococcus, *385 
Myxogasteres, 382 
Myxomycetes, 13, 381 

JSFarcissus, 726 
Nastic movements, 338, 356 
Natural selection, 212 
Natural system, 365 
iVmcwto, *391, 392 
Nectaries, 71, 550 
liectria, 442 
Nelumhium, 632 
N'exnaUon, 424, 427 
AFeotiia, 191, 25Q, 74.6 
Nepentbaceae, 639 
JYepenthes, *187 
Nepeta, 696 
Kejylvromvum, 474 
Nerium, 689, *691 
Nerves, 110, 111 
JYeuTopteris, 536 

Mcotiana, 697, 699, *700 ; gynaeceiim 
of, *548 

Nicotiana tabacum mrginica apctala, 326 ' 

Nightshade, Bolmium nigrum 

Mtella, 14, 419, 421 

Nitophyllum, 423, 427 

Nttrate-bacteria, 254, 274, 375 

Nitric acid, assimilation of, 257 

Nitrite bacteria, 254, 274, 375 

Mlrobacter, *375 

Nitrogen, assimilation of, 256 

Nitfosomojias, *875 

Nodes, 88 

NoxMea, 629 

Nostoc, ^Z77, 378 

Nucellns, 539 

Nuclear cavity, 17 

Nuclear division, 21, *22 ; direct, 24 ; 

indirect, 21 
Nuclear membrane, 17 
Nuclear plate, *23 
• Nuclear sap, 17 
Nucleolus, 17 
Nucleus, 11, 16 
Nuphar, 631 
Nutations, 336 
Nutmeg, Myristica fragrans 
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Nutrient salts, 237, 243; absorption of, 
240 ; and agriculture, 243 ; transport 
of, 242 

Nutrient substances, absorption ol, 222 
Nuts, '583 ■ 

Nyctiiiastic movements, 356 
Nyctinasty, 357 . ^ ■ 

JSymjjJiaea., *631 ; seed of, 581 
Nympliaeaceae, 630 

Oak, Quercus ' 

Oa.t, A vem sativa 

Ocean currents, distribution of seeds by, 

586' : . 

Ocbrea, 116 
OchrolecMa, 475 
Odontites^ 704 

463, ^405 

Oenanihe, *681, 682 
Oenothera, *674 
Oidium, 441 
OUa, 687, *688 
Oleaceae, 687 
Olive Tree, Olea europaea 
Olpidiopsis, 430 
Olpidium, *429 
Onagraceae, 674 
Ononis, 672 
Ontogeny, 2 
Oogonium, *199, 369 
Oomycetes, 430 
Oospbere, 199, 369 - 
Ophiocytium, 397 
Opliioglossaceae, 504 
Ophioglossuni, *504, *505 
Ophrys, 746 

Opium Poppy, Papaver sommfermn 
Optimum, ^9 
- Opnmtia, *173, 628, 629 
Orcliidaceae, 745 

Orchla, *746, *747, *748 ; root-tuber, 
*179^ 

Organic acids, 28, 268 
Organic bases, 258 
Organography, 71 ^ 

Organs, 71 ; vegetative, 16 
Origin of species, 316 
Orniihogalum, *723, 725 ^ 

Ornithophilous plants, 55/ 

Ornithophily, 556 
Ornitliopus, 672 
Orobanchaceae, 704 
Orohanche, 191, *703, /04 
Orthostichies, 89 
Orthotropous, 72, 123 
Orym, 734, 735, *736 
Oscilkiria, *377 
Osmometer, 224 
Osmosis, 224 

Osmotic pressure,. 224 ; high, 22/ 
Osrnuy^a, *509 


Ourouparia,!^^ 

Ovaries, transverse sections of, *548 
Ovules, 198, 539, 540 ; position of, 549 
Ovum, 567 

movement, 337 

Oxygen, 244 ; evolution of, *248 
Padinct, 415 

Paeonia, 638 ; flower of, *197, 
Palaeontology, 209 
Palaeostachya, *521, 522 
*685, 686 
Palisade cells, 112 
Palmae, 738 
Pandahaceae, 737 
Pandanns, 737, *741 
Pandofina, 6^^ 

Panicle, 126, *127 
Panimni, 734 

Pantostomatiiieae, 381 .v.m-i 

Papaver, 95, *642, 643 ; seed of, o81 
Papaveraceae, 640 
Papilionaceae, 670 
Papillae, *64 

Parasites,' 188, 2o5, 2£)6, ^69 
Parastichies, 90, *91 
Paratonic movements, 337 
Parenchyma, 48 ; assimilatory, 49 ; con- 
ducting, 49 ; water-storage, 49 
Paris, 725, 726, *727 
Parmelia, *471, *472 
Parnassia, 659 
Parsley, Petroselinum 
Parsnip, Pastinaca 

Parthenociss^ia, *182, 658 ; tendrils, 365 

Partlienogeuesis, 193, 316, 5i7 

Partial parasites, 191 

PfcsdM^, ovary of, *548 ; tendrils, 354 

Pastinaca, 

Panllinia, 655 
Pavetta, 704 
Payena,QSS 
Pea, Pisnm 

Pea, reserve material, *580 
Peach, Prunus persica 
Pear, Pyrus coimminis 
Pectic substances, 38 
Pediastrum, 401, 

Pedicularis, 191, 259, 704 

ParesMf/, 628 

Pelargoninm, *651 
Pellia, 488,^^489 

Peltigera, 

PenicilUiini, 441 
Pentacyclicae, 684 
Pentosan es, 37 
Perception, 338 
Perianth, 545 
Periblem, 86 
Pericarp, 683 
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Pencil aethuij, 492 
Periclinal cell walls, 307 
Pei'icycle, 95, 136 
Periderm *160, 162 
Peridineae, 386 
Peridiniaceae, 386 
PerkUnmni, *386, 387 
Perigone, 546 

Perigynous flower, *549, 550 
Periodicity, 304 
Periplasm, 500 
Perispcrm, 581 
Peristome, 495 
Peritliecium, 439 
Periwinkle, Vinca minor 
Fero7ios2)ora, *77, *433 
Peroiiosporeae, 431 
Persea, 639, *640 
Personatae, 696 
Petals, 197 
Petasites, 718 
Petiole, 108 
Petroselvmmi, 682 
Petunia, *697 
Peziza, "*4:4:5 
Phaeocystis, 380 
Phaeopliyceae, 409 
Pliaeosporeae, 412 
Phaeothanmion, 380 
Plialloideae, 468 
Phallus, 468 
Phascum, 496 

Phaseolus, 673 ; pulvinus of, *337 

Plielloderm, 162 

Pliellopn, 162 

Phelloid tissue, 59 

Philadelphus, 659 

Phleim, 734 

Phloem, 68 

Phobophototaxis, 330 

Phoenix, 740 

Phormiimi, *112 

Phosphorescence, 277 

Phosphoric acid, assimilation of, 262 

Photonasty, 357 

Photosynthesis, 254 

Phototaxis, 330 

Phototropic perception, localisation of, 
351 

Phototropism, 348, *349, 351 ; a pheno- 
menon of irritability, 351 ; transverse, 
350 

Phragmidimn, 455, 456, 457, *458, *459, 
460 

Phy cocyan, 19, 423 
Phycoerythrin, 19, 423 
Phy corny ces, 435 
Phycomycetes, 428 
Phycoxanthin, 411 
Phyllactmm, 440, 441 
Phyllocactus, 629 


Phylloelades, 171 
Phylogeiiy, 2 
Physalis, iruit of, *584 
PhysarmtK *384 
Physiology, 215 ; olgect of, 215 
Physostigma, 673 
Phyielqduis, 740 
Phytcuma, 709 
Phytolacca, 95 
Phytopathology, 303 
Phy thorn, 431, *432 
Picea, *599, 600 ; embryo, *568 ; ovnie 
of, *567 « 

Picorhiza, 704 
Picrasma,' ^54 

Piloholns, 434 ; phototropism, 349, *350 

Pilocarpus, 654 

Pilosiyles, *189 

Pihdaria, *512, 516, 517 

Pimenta, 676 

Pimpinella, *678, 681, 683 
Pinaceae, 593, 596 

Pine, radial section, *152 ; tangential 
section, *153 ; transverse section, *151 
Pinguicula, 186, 704 
Pmnularia, *74 

Pinus, 600, *601, 602, 606 ; archegonium 
of, *567 ; embryo, *568 ; germination, 
*587 ; male flower,' *544 ; pollen- 
tube, *566 
Piper, 95, *622, 623 
Piperaceae, 621 
Piperinae, 621 
Pistacia, 655 
Pisum, 672 
Pith, 95 

Pithecocte-nvim, winged seed of, *585 
Pits, *35, *42, *43 ; bordered, 65 ; tactile, 
353 

Pitting, 43 
Placenta, 539, 547 

Placentation, axile, 548 ; free central, 548 ; 
parietal, 548 

Plagiochila, 80, *81, *488, 489 

Plagiogeotropism, 342 

Plagiotropous, 72, 123 

Plankton, 74 

Plaiildoniella, *388 

Plant geograjAiy, 244 

Plantaginaceae, 704 

Plantago, 704 ; inflorescence of, *559 

Plantain, Plantago 

Plants, chemical composition of, 220 ; 
organs of, 71 ; perception in, 338 ; 
sensation in, 338 ; size of, 2S1 ; 
stability of, 60 
Plasmodesins, *44 
Plasmodiophora, 385 
Plasmodiophoraceae, 385 
Plasmodium, 13, 382 
Plasmolysis, *226 ^ 
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IVusMopcil’ci, 432, 483 
riastids, 11 
rUitanaceae, 623 
FhUanthera, 746 
Platan ati, 62-3 
Platystemmi, 642 
Plectasciiieae, 441 
Phctonema^ *78 
Pldocliasium, 127 
Plerome, 86 
PleiiridiiirtiyA^Q 
Pleiirocarpi, 496 
Pleimcladiay'^A12 
Pleurosigina^ 391, 392 
Plum, Primus dmimtim 
Plimhagellaj embryo-sac, 572 
Plameless Thistle, Cardmcs 
Plumule, 565 

Piieumatophores, 167, 246 
Poa, 734 

Pocket-leaves, 185 
Podetiiim, 471 

593 ; mycorrliiza, 261 
Podophyllum, QMf 
Podospiora, 442 ; perithecium, *443 
Podosteniaceae, 576 
Poisons, 294 

Polarity, 72, 282, 291, *292, 305 ; 

establishment of, 74 
Pollen- chamber, 563 
Pollen grains, 197, 540 
Pollen sacs, 197, 540, 546 ; cohesion 
mechanisms, 335 ; development of, 
541 

Pollen-tube, 201, 541 

Pollination, 201, 545 ; of flower, 551 

Polyangitm, *385 

Polycarpicae, 629, 639 

Polygala, *655 

Polygalaceae, 656 

Polygamy, 646 

Polygonaceae, 621 

Polygonainm, *719, 725, 726 ; geotropisni, 
*345 ; rhizome of, 119 
Polygoninae, 621 

Polygonum, *621 ; embryo-sac in, *571 ; 

ovary of, *572 
Polyhybrids, 322 
Polypodiaceae, 508 
Polypodium, 507, 509, *511 
Polyporeae, 463 
Polyporus, 465, 467 
Polysiphonia, 427 
Polytoma, *399 
Polytrichaceae, 495 

Polytrichum, *491, 492, 494, 496 ; 

aiitheridiurii, *479 
Pond -weed, Potamogeton natans 
Poplar, Populus 
Popiilus,' 615, *616 
Poro^ray, 573 


Potamogeton, *720, 721 
Potamogetonaceae, 721 
Poteiiiilla, 

Presentation- time, 348 
Primula, *686, 687 ; heterostyled flowers, 
*560 

Primulaceae, 687 
Primnlinae, 687 
Pro-embryo, 565, 568, 575 
Promycelium, 455 
Prophase, 23 
Prop-roots, 140 
Prosenchyma, 48 
Protandry, 559 
Proteid crystals, 30 
Proteids, hydrolysis ot; *267 
Prothalliuin, 567 
Protococcales, 400 
Protogyny, 559 
Protomastiginae, 881 
Protonema, 475, *476, 490 
Protoplasm, 218 ; movements of, 13, 326, 
328 ; permeability of, 241 
Protoplasts, 11 ; chemical properties of, 14 ; 
connections of, 43 ; inclusions of, 27 ; 
main vital phenomena of, 13 ; origin 
of the elements of, 21 ; structure of 
the parts of, 15 

Prunus, *107, *660, *663, 664 
*464, 466 

Pseiido-pareiiohyrria, 437 
Pseudotsuga, 598 
Pddium, 675 
Psilophy tales, 501 
Psilophyton, 501 
Pdlotaceae, 502, 527 
Psilotum, 527 
Psychotria, 704, 705 
Pteridium, *498, 509 
Pteridophyta, 496 ; classes of, 501 ; 
embryo, 498 ; gametophyte, 497 ; 
heterosporous, 501; homosporous, 
601 ; prothallium, 497 ; sexual repro- 
duction, 200 ; sporangia, *197, 499 ; 
spores, 499 ; sporophylls, 499 ; sporo- 
phyte, 498 ; suspeiisor, 498 ; vascular 
bundles, 499 ; vascular system, 105 
Pteridospermeae, 603, 534 
Pteris, *101 ; apex of a root, *132 ; 

embryo, *497 
Pterocarpus, 673 
Ptyxis, 87 

Puccinia, *456, *457, 458, 459 
Pulvinus, *115, 336, *337, 351 
Pumpkin, Qucurbita Pepo 
Punka, 676, *677 
Pimicaceae, 676 
Pure line, 322 
Pycnidia, 443 
Pycnoconidia, 443 
Pycnospores, 443 
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Pyreiioidsj 18 
Pyrenoniycetes, 442 
Pyro)wna, 438, 439, 445, "^446, *447 
Pyrus, 660, 661 ; dower, *550 
PyfJiimn, 433 

Qicassia, 654, *654 
Qiiercidorae, 609 

Qmrcns, *614, *615, 749 ; cupnle, *613 
Quillaja^ 660, 664 
Quince, Cydonia mlgaris 

Eaceme, *126 

Eaclial vascular bundle, 136 

Eadicle, 565 

Eadish, Paplumus sativus 
}laffl,esia, 189 
Ea&esiaceae, 639 
PamaVma^ 471 
Eamenta, 54 
Eaimnculaceae, 633 

PK-anuncuhis, *633, *634, *635, 636 ; 
flower, *550 ; root of, 136 ; vascular 
bundle, *104 
EaoMZia, *170, 716 
Jiaphmms, 646 
Eaplie, 579 
Eaphides, 30, *31 
Raspberry, 

Pavenala, 745 

Reaction- time, 347 

Receptacle, 508 

Red Algae, Ehodophyceae 

Red Ourrant, Rlhes nibrum 

Reduction division, 24, 203, *206, 369 

Regeneration, 164, 282 ; inBryophyta, 481 

Regulation, capacity of, 217 

Reindeer Moss, Cladonia mngifenna 

Rejuvenation, 21 

Reparation, 282 

Reproduction, 192, 217, 310 ; asexual, 
193 ; conditions of, 311 ; digenetic, 
193 ; monogenetic, 193; sexual, 193, 
315 ; organs of, 192 ; vegetative, 193 
Reseda, inulticellnlar formation, *26 
Reserve materials, 263 ; mobilisation of, 
263 ; regeneration of, 268 ; transport 
of, 267 

Resins, 30, 268 

Respiration, 269, 273 ; experiment to de- 
monstrate, *271 ; intramolecular, 272 
Respiratory coeSicient, 270 
Respiratory roots, *167 
Rest-Harrow, Ononis 
Resting condition, 303 : awakening from, 
305 

Restitution, 164, 282 ; stimulus of, 305 
RhaMonema, 392 
Rhamuaceae, 657 
Rhamnns, 658 
Rheum, *621 


Jihht a nth us, 191, 25 S ) 

Pbipidiuni, *130 

RhipsaUs, 629 

Rliizoids, SO 

Rhizomes, 177 

Eliizomorplis, 4(56 

Rhinojdhfnuf, *168, 671, *675 

Rhizo})lioriicea(^, 674 

Rhizo2}us, *433, 434, 435 

Rhododcnd/'O/t, 685 ; ovary oi', *548 

Rhodouiela, 427 

Rhodopliyceae, 421 

Rlioeadinae, 639 

Rhubarb, Uktum 

Rhus, 655 

Rhynia, 501 

Ribes, *659 

Riccia, 80, *81, *487 

Ricciaceae, 487 

Rice, Oryza sidiru 

Richard ia, 740 

Ricinus, *625, *626, 627 ; endosperm of, 
*31 

Rigidity against bending, 93, *94 

Rigor, 361 

Rob ini a, *174, 672 

Rocceila, 471, 475 

Rock Rose, Pelianthenmm vulyure 

Root- cap, 131 

Root-climbers, 182 

Root-hairs, *54, 134, *134, *227 

Root- pockets, 131 

Root-pressure, *234, 236 

Root-system, appearance of, 139 

Root- thorns, 172 

Root-tubercles, *260 

Root-tubers, 179 

Roots, 131, 139 ; borne on shoots, 139 ; 
branching of, 138 ; external features 
of, 132 ; geotropic curvature of, *342 ; 
growing point, 131 ; growth in thick- 
ness of, *147 ; niechauical tissue of, 
*137 ; primary structure of, 134 
Rosa, *660, 664 ; fruit of, *582 
Rosaceae, 660 

Rose of Jericho, Anastatica hicrochvntica 
Rosiflorae, 658 
Rosmarinus, 696 
Rotation, 13 

Rowan, Sorbus (Pyrus) aur.iqmria 

Royal Fern, Osmunda reyalls 

Rozites, 467 

Rubia, 704 

Rubiaceae, 704 

Rubiinae, 704 

Rubus, 663 ; collective fruit of, *584 

Rumex, 621 

Runners, 194 

Ruppia, 721 

Ruscus, eladode, ,*173 

Rush, Juncus ^ 
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Uussula^ ^iQl, 467 

Eiist Fungi, Uredineae . - ■ ■ 

Rust of Wheat, Puccinia gmminis 
Muta,^ 652, *653 , , , 

Rutaceae, 662 
'Ej% Secale cerecde 

Sahadilla, 72$ 

Sacclm'omymr *27, 449, *450 
Saccharomycetes, 449 
Sacchcmim, 734 
Safiron, Crocus satimis 
Sagittaria^ 719, *720, 721 
Saiicaceae, 614 
Salieifiorae, 614 
Salicornia^ "^17^ 

SctUx, 615, *616 

Salvia^ *696 ; pollination of, 655, *556 

Mwma, *513, *614, *515 

Bcdviniaceae, $12i 513 

Sanibums, 706 ; flower of, *547 

Smiguisorha, *660, 661 

Santalaceae, 620 

SantaluM, 620 

Sapindaceae, 656 

Sapindinae, 655 

Saponaria, 627, *629 

Sapotaceae, 686 

Saproleg7hia^ *35, 430, *431 ; course of 
development of, 311; zoospores, *196 
Saprolegniaceae, 430 
Saprophytes, 255, 256 
Sarcina^ 375 
Sargassum^ 410 
SarothmnnuSi 671 
Sarraceniaceae, 639 
Sassafras j 638, *640 
Savannahs, 219 
Saxifraga, 659 
Saxifragaceae, 659 
Saxifrage, Sax'ifraga 
Scabiosa, 707 
Scalariform pitting, *66 
Scale leaves, 118 
Sca?idix, 682 
Sceuedesrnusy 401, *402 
Schistostega, *493, 496 
Schizaeaceae, 509 
Schizocarp, 584 
Schizonema, 388 
Schizosaccharo'mijces, M9 
Schoenocaidon, 725 
Sdadium, 397 
Sciadopitys, 698 
Scilla,^ 725 
Scinaia, 427 
Scirjms, 730, *731 
Seitamiiieae, 742 
Bclerenchyma, 60, *62 
Sclerenchymatous fibre, *61 
Scleroderma^ 467, 468 


Schropodiumi^^c^Z 
Sclerospora^ A.ZZ 
Sclerotmitt, 437 
Scolope7idfumy*$9S 
Scor^o7iera, 716 ; seedlings, *588 
Scrophulariaceae, 703 ; floral diagrams of, 
*208 

Scurvy Grass, Oochlea7'ia oJftcmaUs 
Sea lettuce, tllm lactuca 
RdCiiZe, 733, 734, *735 
SeduTu, 658, *659 

Seeds, 193, 540, 579 ; distribution of, 584 
Segregation of characters, 320 
Seismonasty, 359 

Selaginella, 523, 527, *528, *529, *530 
Sdagindlaceae, 502, 527 
Selection, 324 
Selective power, 241 
Self-pollination, 201 
Self-sterility, 558 
Semi-permeable memliraiie, 224 
Sempermvmn., 65S ; formation of the 
flowers of, 312 
Se77ecio, 7lli 718 
Sensitive Plant, Mimosa pudica 
Sepals, 197 

Sequoia, 2Z$i 598, 599, 606 

Se7ija7iia, *183 

Sex, determination of, 314 

Sexual reproduction, significance of, 315 

Sexual reproductive cells, 1 98 

Shaddock, Citrus decu7nana 

Shade plants, 181 

Shepherd's purse, Gapsella bursa piOLStoris 
Shoot- thorns, 172 

Shoots, 84 ; adventitious, 122 ; aerial, 84 ; 
axillary, 121 ; branching of; 119 ; 
endogenous, 122 ; formed from roots, 
306 ; normal, 122 ; order of seriueiiee 
of, 124 ; subterranean, 84 
Shor'ea^ 647 
Shrubs, 141 
Sieve-pits, 63, *64 
Sieve- j)lates, 63, 159 
Sieve-tubes, *63, *64, 158 
S'igillaria, 532 
Sigillariaceae, 502, 532 
SiU7ie, *630 
Siler, 

Siliceous earth, 392 
Silicoflagellatae, 380 
Silicon, 240 

Silver Fir, Abies pecimiia 
Simarubaceae, 654 
Smapis, 645 
Siphonales, 405 
Siphonocladiales, 404 
Sip}w7ioclad7U%i0i 
Siphonogams, 542 
Sisymh'ium, *644 
Siuimi, 682 
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Sporothecae, 501 
^ 153. 


Sleep-i^osition, 357 
Sliding growth, 48, ^150 
Siinie fungi, MyxomyceUs 
Smilax, 725, 749 
Smut Fungi, UsUlcujmeae 
Sodium, 240 

Soil, power of absorption of, 242 
Solanaceae, 696 

Solanum, 696, *697, 699 ; tuber, 17y 

Solerina, 474 
Sulidago, 71Q 
Sols, 16 

Sonnemtia, *W , , 

Sorbus, *660, 661 ; hybrid, 318 
Soredia, 471 
Sorrel, Rumex acctosa 
Spadiciflorae, 737 

Spanish Pepper, Capsicim cmnmm 
S2K(‘TCtssis, 463 
Sparganiaceae, 737 
Spartmmi 672, 673 
Species, 322 ; origin of, 206, 326 
Spermatogeiious cell, 561 
Sperniatophyta, 539, 542 ; sexual repro- 
duction, 200 

Spermatozoids, 199, 369, 565; chemo- 
taxis, 331 ; of Zctinici^ *563 
Spermogonia, 455 
Sphaeria, 442 
Sphaerococmsy 427 
Sphaero-crystals, 34 
SphaeropUa^ 404 
SphoxTotheca^ 440, 441 
Sphagnales, 493 . 

Sphagnum^ *490, 493 
Sphenophyllaceae, 502 
Sphenophyllinae, 522 

SiJlienophylhmus 

Spihenopiiens, 536 
Sphere-crystals, 28 
Spike, *126 

Spinach, Spinadct oleracca 
S^miacicij 627 

Spiraea, *QQ0* 

Spirilhmi, 370, *^71 
Spirodinhm, 387 
Spirogyra, 395, *396 ; cell of, 2o 
Spirophyllum, ^76 
Spirotaenia, 393 
Splachnim, 494 
Splint- wood, 158 
Spongy parenchyma, 113 
Sporangial spores, 195 
Sporangium, 195, *609 
isms, 334, *335 
Spores, 193, 195, 369 
Sporidium, 455 
SpoTodinia, 434, *435 
Sporogonhim, 196 ; 

ments, 334 
Sporoiihylls, 197 


Spring wood^, 1. 
Stacliys, 695 
Stamens, 197, 540, 
Staminodes, 546 
Stangeria, 589 


*174, 690 ; pollinatioi 
Staphylococcus, 374 
Starch, 32, 252, *253, 264 ; ai 
32 ; reserve, 32 
Starch grains, *33 


Stem, primary internal structure of, 92 

Stenianitis, *382, 384 

Stem- tendrils, 182, *182 

Stem-tubers, 177 

Sterculiaceae, 650 

Stereome, 60 

Stereim, 463 

Stigma, 201, 548 

StigmatomyceSf^^c^O 

Stimulus, 337 ; conduction of, 361 ; move- 
ments, 337 

Stinging Nettles, U7'tica 
Stink-horn, Ithyphalliis wipudicus 
section of the leaf, *172 
Stipules, 108 

Mattliiola 

Stomata, 51, *52, 230, 231, *246 
Stomatal apparatus, 51, 52, *53 
Stoneworts, Characea.e 
Storage parenchyma, 148 
Stratification, *35, 41 
Stmtiotes, 194, 721 
Strawberry, F^xigraria 
Strelitzia, 745; ornithophilous flower of, 
*657 ; pollination of, 550 
Slreptochaeta, 732 
Streptococcm, 373, *374 
Striation, *37l 
StHckeria, *443 
Stroplumtlmis, 689, *692 
Struggle for existence, 212 
Strutkopteris, 508 ; sperm atozoid, *510 
Sirycimos, 688, *689 
Style, 548 
Styracaceae, 686 
Sty rax, 686 
Suberisation, 38, 39 
Subtendingieaf, 121 
Succisa, 707, *709 
Succulent stems, *174 
Suction force, 237 
Sugar-cane, Sacchanm ojficmarwn 
Sugars, 28 

Sulphur bacteria, 254, 274, 37-6 ^ 


cohesion mechan- 
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Sulpliiu'ic aci<l, assiniiktioii of, ‘261 
SiiiiHo wer, IfeUmitkm mmu us 
Sm' kdla, Z^l 
Suspeusor, 565, 575 
Swarm spores, 196 , 

Sioertia, 689 
Symbiosis, 469 

Syinrnetry, 282, 306 ; dorsiveiitral, 75 ; 

planes of, 72 ; relations of, 72 
Sympetalae, 684 
Symphytum^ 694 
Sympodiiim, 127 
Synandrae, 707 
Syncarpoiis gynaeceum, 547 
SyneJiytriim^A^^ 

Synedra, 392 
Syringa, 687, *687 

Tahernaemontana, 689 

Tactile pit, *353 

2'ae'}LlophyUim,*l75 

Tcmarindus^ *666, *667, *668, 669, 670 

Taimiii, 29, 268 

Tapetum, 500 

Tcvphrina, *449 

Tap»root, 140 

Taraxacur/i, 712, 713, *714, 718 ; modi- 
fications, *323 
Taxmmc, 593 
Taxodhm, 596, *597, 606 
Taxiis, *97, *593, *594, 602 ; embryo- 
sac, *566 

Teak-tree, Tectonu grcmtlis 
Teazel, Dipsacns 
Tectonai 694 
Teleutospores, 455 
Telophase, 23 

Temperature, effect on development, 288 
Tendril climbers, 182 
Tendrils, *181, 182, 353; points of 
reversal, 354 

Teratology, vegetable, 303 
Terfezia, 442 
Terfeziaceae, 442 
Terminal bud, 121 
Ternstrbemiaceae, 647 
Tetracyclicae, 687 
Tetraspores, 423 
Teiicriuirit 695 
Thalictrumf 95 

Thallophyta, 367 ; phylogenetic connec- 
tions of, 368'; reproduction of, 369 ; 
sexual reproduction, 198 
• Thallus, 73'; internal structure of, 78 
Tlimmuilmm^ 435 
rte, *646 
ThecotheuSy 439 
' Theleplioreae, 463 
Tkeobroma, *649, *650, 651 
Theory of descent, 1, 206, 326 
Thernionasty, 356 

r 


Thesimiy 191, 259, 620 
Thigmotropism, 353 
Thorn-apple, Daticm Stmmoniuy/i 
Thorns, 171 

TThujcti 597 ; germination, *587 
Thyloses, 158 
Thj^melaeaceae, 67 3 
Thymus, 696 

Tilia, *649 ; radial section of the wood 
of, *157 ; tangential section of the 
wood of, *156 ; transverse section 
of the bast of, *159; transverse 
section of a stem of, *154 : transverse 
section of the wood of, *155 
Tiliaceae, 649 
Tillandsia, 185 
TilUtiaj 

Tilletiaceae, 454 

Tilopteridaceae, 414 

Tissue-systems, 45 

Tissue tensions, 280, *287 

Tissues, boundary, 49 ; formation of, 40 ; 

permanent, 47 
Tmesipterisy 527 
Tobacco, 697 
Tolypellopsis, 421 
Tone, alteration of, 345, 851 
Toothwort, Latliraea, sqtiamaria 
Topophototaxis, 330 
Torsion, 91 
Tozzia, 191, 259, 704 
Tracheae, 64, *65 ; annular, 65 ; reticu- 
late, 65 ; spiral, 65 

Tracheides, 64, *65 ; annular, 65 ; reticu- 
late, 65 ; scalariform, *66 ; spiral, 65 
Tradescaniia, 7Z0 
Tragopogonj 716 

Transpiration, 228 ; cuticular, 230 ; 

stomatal, 230 
Transpiration stream, 235 
Transverse geotropism, 342 
Trapa, 674 
Tree-ferns, 506 
Trees, 141 ; longevity of, 310 
Tremella, basidium, *452 
Tremellineae, 460 
Trentepohlia, 402 
Trihomma, 397 
Trichia, *383 
Trichobacteria, 371, 375 
Tfichocmloni 690 
Trichogyne, 424 
Tricholoma, 466 
Tf ichomamsy *51Z 
Tricoccae, 623 

Trifolium, 672 ; movement, 337 
Trigonella, 672 

Tfiticum, 733,734, *735 ; endosperm, *31 
Tfopmohim, chromoplasts, *20 
Tropisms, 838 
Tropophytes, 175 
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Truffles, Tuhcraceae 
Tr^/panosomcif *381 
Tuberaceae, 447 

Tubers, 178, 194, 308, 447 *448 
Tubiflorae, 690 
Tu!/ipa,7^5;lmXb,n7S 
TnrgesGence, *225 
Turnip, Brasswanapits 
Tussilagoy *716, 718 
Twilling plants, 182, 343, *344 
Typlmceae, 737 
Tyrosin, 268 

iriex, 672' 

Xllixiaceae, 616 

Ulmus, 616, *617 ; clevelQpmeut of the 
leaf," *1(58 ; ovule of, *573 
UlothfiXy *199, 402, *404 
Uiotrichales, 401 - 

?7/w,* 76,402 
Umbel, *127 
Umbelliferae, 679 
Umbeliiflorae, 677 
Uncinulai 440, *441 
Unfolding buds, distribution of, 124 
Unicellular bacteria, Hapldbacteria 
UiYigoga, 705, *708 
Uredineae, 455 
Uredospores, 457 
Urginea, *723, 725, 726 
UHica, 619 ; hybrid, *321 
Urticaceae,' 619 
Urticinae, 616 
Vsma, 471, *472 
Ustilaginaceae, 453 
Ustilagineae, 452 

UstikigOf *453, 454, *455 ; brand-spores, 
453 

Utficularia^ *186, 704 

Vaccmiwn, 685, *685 
Vacuoles, 12 
Valerian, Valeriana 
Valeriana, 706, *708.' 

Valerianaceae, 706 
VaUisneria, 721 
Vcmda, 749 
VanUla, *747, 748 
Variability, 316, 322 
Variation curves, *324 
Vascular bundles, arrangement, 95 ; bi- 
collateral, lOOjcauiine, 96; collateral 
100 ; common, 96 ; complete, 67 ; con- 
centric, 99, *100, *101 ; course of, 
96 ; foliar, 96 ; incomplete, 67 ; 
radial, 99 ; structure of, 99 ; system, 
67 ; system of tissue of, 67 ; termina- 
tion of, *111 

Vascular cryptogams, 496, 499 

Vascular plants, $66 

Vascular system, phylogeny of, 105 


Vaiicheria, *407, *408 

Vegetable kingdom, phylogeny of, 365 

Vegetative cone, *85, *86, *87 

Vegetative form, periodic changes in, 307 

Veins, 110 

Velamen, 184 

Velum, 466 

Venation, 110 

Ventral canal-cell, 567 

Ventral buture, 547 

Veratmm, 726, 726 

Verbasam, *701, 703 

Verbenas *694: 

Verbenaceae, 694 
Vernation, 87 
Veronica, 708 
Verrucaria, 471 

Vessels, 64, 148 ; pitted, 66 ; scalarifoiiu. 
65 

Vetch, Vida 
TOnb, 370, *371, 374 
Viburnum, 705, 706 
F^m, *668, 672, 673 
Victoria, 632 
Vi9ica, 689, *690 
Vincetoxicum, 690, *693 
Viola, *646; capsule, *583; flower of, 
*552 

Violaeeae, 647 

Viscaria, *630 ; diagram of, *551 
Viscum, 192, 259, 620, *620 
Vitaceae, 658 
*658 

Viviparous plants, 589 
Volva, 465 
Volvocales, 398 
Volvox, 399, *400 

Wall, gro^vth in thickness, 36 
Wallflower, Qhdrantlius Oheiri 
Walnut, Juglans regia . 

Water, 222 ; absorption of, 223, 227 ; 
assimilation of, 262 ; conduction of, 
235 ; movement of, 228 
Water cultures, 238, *239 
W ater- Ferns, Hyd/ropterideae 
Water-Hemlock, Gicuta 
Water-net, Hydrodictyon 
Water Nut, Trapa 
Water-Parsnip, Sium 
Water plants, 165, 228 
Water-pores, *114 
Water-stomata, 113, 233 
Water-storage tissue, 113 
Wax incrustation, *50 
Weigdia, 706 

Welwitschia, 108, *602; prothallia, 569 
Wheat, Triticum 
White Mustard, Sinapis alba 
White Water Lily, Nymphaca alba 
Whorl, 88 
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Wild CtMMge, JBrasska oleracea 
Wild Cherry, Primus cerasus 
WiUoughieia, 689 
Willow, 

Willow-herb, Mpilohium- 
Wind-dispersal, seeds, 585 
Winter buds, *176 
Wistaria, .672, 678 
Witches’-brooms, 449 
Wood, 148 ; arrangement of the tissues in, 
151 ; autunin, 15S; grain of, 157 ; 
heart-, 158; splint-, 158 ; spring, 
153 ; subsequent alterations of, 157 
Wood-tibres, 148 
Wood parenchyma, 149 
Tf5:wdf6vVq antheridium, *510 
Wormwood, Artemisia Ahsinthiu'm - 
Wounds, healing of, 164 

Xanthophyll, 19 
Xenogamy, 201 
Xerochasy, 333 
Xeromorphy, 169 
Xerophytes, 168 
Xylem, 68 

Yeast Fungi, 

Yeast fungus, fermentation, 276 


THE 


I Yew, TaoMs haccaia 
Yucca,, 725 ; polliiiatioia of, 556 

Zmnia, 589 ; fertilisation, *565 ; formation 
■ .of'spermatozoids in, *562 ; speriiirdo- . 

zoids, *663 
Zanardimaj,A14^ 

ZanichelUcu 721 

*92, 734, 735 ; vascular bundle, *1.02, 

*103 

Zingiber, *744, 745 
Zingiberaceae, 745 
Zoosporangia, 196 
Zoospores, 196, 369 
Zosteray121 
Zygnema, 

Zygnemaceae, 395 
Zygogymim, 632 
Zygoiiiorphic, 72 

Zygomorphic flowers, geotropic orienta- 
tion of, 348 
Zygomycetes, 434 
Zygophyceae, 393 
Zygophyllaceae, 652 
Zygosaccharomyces,ii.9 
Zygospore, 189, 369, 434 
Zygote, 199, 369 
Zymase, 275 
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